In labs solar cells are catching 
more rays than ever. In factories 
robots turn out cheaper photovol- 
taic modules, And with the threat 
of global warming, is solar poised 
for a new burst of energy? Page 117 


Winging it 
An unmanned winged rocket will 
drop from a B-52 bomber at 40,000 
feet, climb to a low-Earth orbit, 
and release a satellite. Pegasus is 
a new satellite-launching system 
designed to deliver small payloads 
at a reasonable price. Page 126 


Space 
machines 


Front drive, rear drive, or all- 
wheel drive: Which is best to pow- 
er a minivan? PoPULAR SCIENCE 
ponders this in a test of two domes- 
tics and two imports. Page 40 
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Flying trains 
After three decades of develop- 
ment, magnetic-levitation trains 
are now becoming practical. A pro- 
posed high-speed link between Los 
Angeles and Las Vegas would zip 
passengers between the two cities 
in 75 minutes. And a West Ger- 
man company that last year set a 
speed record of 256 mph is experi- 
menting with plans for a 310-mph 
maglev. Page 132 
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Control. 


At Ford, Mercury and Lincoln every car and 
truck we build is designed to put the driver 

in control. It’s called human engineering— 
the interaction of man and machine. From the 
x feel of the road, to the feel of the wheel, to 

^ the touch of a button, its objective is to 

provide the driver with comfort, confidence 
Ра and ease of operation. When quality is job 1— 
you don't do it any other way. 


Ford, Mercury, Lincoln, Ford Trucks. 
Our goal is to build the highest quality cars 
and trucks in the world. 
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KUBOTA GIVES YOU 
GROUNDS FOR FUN. 


Kubota’s aerodynamic, compact | speedas well as forward and reverse. about all work and no play. 

lawn tractor has everything you For a manicured look in no Or, tolearn more about our trac- 

need to make mowing, well, fun. time, the gas-powered T1400H tors and other power products, 
Stretch out on the open, flat has a dual-blade, 40-inch mower. please write us at Kubota Tractor 

operator's deck. A 13.5 horsepower Our new diesel-powered T1600H Corporation, Р.О. Box 7020-B, 

overhead valve engine hums along hasthree bladesand a heavy-duty Compton, CA 90224-7020. 


sweetly. Efficiently. 44-inch mower. 


A hydrostatic drive makes ma- We suggest you test drive either e KU B OT n 
neuvering as simple as watching Kubota at a dealer near you. Be- 


the grass grow.One pedal controls cause you know what they say Nothing like iton earth: 


What’s News 


Energy crises revisited 


Back in the early 1970s our editors dis- 
covered that readers of this magazine 
were extremely interested in all as- 
pects of what later came to be known 
as the energy crisis. Stories on the 
growing scarcity of oil and its conse- 
quent skyrocketing costs, on new en- 
gines that could go more miles on fewer 
gallons of gas while polluting less, and 
on alternate sources of energy—from 
the sun to the ocean’s temperature dif- 
ferences and waves to the wind—were 
consistent winners in the monthly 
reader-opinion polls. When used as 
cover subjects, they were consistently 
good performers on the newsstand. But 
as we moved from the '70s to the '80s 
and oil became plentiful again, inter- 
est in such subjects declined. 

Today I believe there is a growing 
interest once again. It is particularly 
evident in the field of solar energy. The 
pace of research is picking up, solar- 
cell efficiencies are rising, and there 
isa new vitality in the labs. (See “New 
Life for Solar?" this issue.) 

Just why this resurgence of interest 
has occurred is not totally clear. It's 
not from a shortage of oil, as happened 
last time. In fact, there are only two 
things I can think of that might be con- 
tributory. First, the technology lead- 
ing to the building of more-efficient, 
cheaper solar cells has been advanc- 
ing—and generally when something 
can be done, it will be done. Second, 
there is the matter of global warming. 
Although it has not yet been conclu- 
sively demonstrated that last summer’s 
heat wave and this past warm winter 
are anything more than normal year- 
to-year variation, evidence is growing 
that global warming is coming and 
that one way to blunt the impact is to 
burn less fossil fuel. Thus emphasis is 
on a more environmentally benign 
form of energy generation: solar. If you 
have thoughts on the subject, Га be 
glad to hear them. 


News takes 


* “Does your chewing gum lose its 
flavor on the bedpost overnight?" asked 
the old song. Manufacturers are wor- 
ried that flavor gives out too quickly 
as you chew. Now the Wm. Wrigley Jr. 
Co. may have an answer. The company 
bought exclusive rights to adapt mi- 
crosponges [“Тіпу Picker-Uppers," 


July '88] for chewing gum. Microspon- 
ges, as explained in our article, are tiny 
structures that absorb liquids and re- 
lease them slowly with the application 
of repeated pressure. They're being de- 
veloped for many uses, including cos- 
metics such as a suntan lotion that 
releases more protective ingredient 
every time you rub your skin. 

* The world's first fiber-optic trans- 
atlantic cable [“Optical Fibers,” Oct. 
'87] is now at work, vastly expanding 
the number of simultaneous calls be- 
tween Europe and the United States. 
The new $362-million cable can han- 
dle 40,000 calls simultaneously. Until 
now, three existing copper cables plus 
satellites carried just 20,000 among 
them. 


Trading post 


Are there certain old issues of POPULAR 
Science you'd like to have? Do you have 
old issues you'd like to sell? We get let- 
ters once in a while from readers ask- 
ing if we know where the December 
1933 issue might be available. We also 
get letters telling us that someone has 
found a huge stack of old issues of 
POPULAR SCIENCE in the attic, and do 
we know of anybody who might like to 
buy them? We usually aren't able to 
answer such questions affirmatively, 
but it has occurred to me that perhaps 
we can do something. If you fall into 
either ofthe two categories above, write 
and tell me your situation. We'll see 
how much of a potential swap market 
there is. And if possible, we'll match 
up those with supplies with those look- 
ing for specific issues. If you have a sup- 
ply, please let me know if you'd agree 
to have your name and address pub- 
lished so other readers could write you 
directly. 


Diamond fever 


Last September POPULAR SCIENCE pub- 
lished a piece on a new technology that 
could be used to coat materials with 
pure crystalline diamond [“Diamond 
Power"]. Because diamond is the hard- 
est substance known and also has other 
useful properties, the technique is po- 
tentially valuable. It can be used, for 
example, to coat tools to make their 
cutting edges harder, to coat glass or 
plastic for scratch-proof lenses, and to 
make semiconductors that could with- 
stand intense radiation in space. Our 
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What's News continued 


Story pointed out that getting crystals 
of carbon to combine as diamond in- 
stead of graphite or carbon is not easy; 
it takes advanced new techniques de- 
veloped in many laboratories. 

Now at a worldwide conference on 
diamond coating held recently in Tok- 
yo, startling progress has been re- 
ported. Cutting tools such as drills have 
been coated with diamond; so have den- 
tures. Scratch-resistant sunglasses 
have been made experimentally. 

Engineers are also gaining better 
control ofthe tricky process of convert- 
ing some carbon-containing molecules 
into diamond coatings. А group at 
Pennsylvania State University—one of 
the world's leaders—reports making 
diamond coating with nothing more 
complicated than a common oxyacety- 
lene welding torch rather than the 
complex laboratory equipment pre- 
viously required. A scientist from the 
Naval Research Laboratory said he 
made diamond out of sewer gas! A Jap- 
anese researcher from the Nippon In- 
stitute of Technology said he created 
diamonds from sake. General Electric 
engineers, not to be outdone, claimed 
that they had successfully used Jack 
Daniels whiskey. 

Despite reports of amusing stunts, 
the field is obviously in ferment. Hun- 
dreds of manufacturers and research 
labs around the world are caught up 
in what was described as diamond 
fever. Some scientists present at the 
Tokyo conference claimed that the de- 
velopment of diamond-film fabrication 
is the greatest advance in materials 
technology since the invention of plas- 
tics. Whether that astonishing claim 
turns out to be true or not, it is clear 
thatthe field is important. Stay tuned. 


Radon: cancer killer? 


An internationally respected radon re- 
searcher has uncovered some surpris- 
ing and perplexing evidence. High 
levels of radon exposure are known to 
cause lung cancer. Studies of people ex- 
posed to such levels in mines demon- 
strate that conclusively. Then it fol- 
lows, most people have thought, that 
the best level is zero, and any increase 
should produce an increasing rate of 
lung cancer. But controversial studies 
show this may not be so. 

In one study Dr. Bernard Cohen of 
the University of Pittsburgh compared 
average lung-cancer rates in many 
counties with the average radon rates 
found in the respective counties. It's 
an ambitious study— 39,000 measure- 
ments in 415 counties. 

The results: In counties where lung 
cancer in women would have been ex- 


pected to be up 25 percent from the 
radon levels, the incidences of cancer 
were actually down 30 percent. There 
are others. Finland has average indoor- 
radon levels of 2.5 picocuries per liter— 
2.5 times higher than the world aver- 
age. Yet the female lung-cancer rate in 
Finland is only 70 percent that of other 
industrialized countries. 

These data "certainly look counter 
to what you'd expect," says radon ex- 
pert C. Richard Cothern of the EPA's 
scientific advisory board committee on 
environmental health. Many research- 
ers point out that the studies aren't 
random, and thus they may have built- 
in biases. But for the moment, the ex- 
perts are shaking their heads. If more 
carefully controlled studies reach the 
same conclusion, says Cohen, scientists 
will have to ask themselves whether 
small doses of radiation could actually 
confer some protective effect. 


Fax fantasy 


As reported in a recent article (“Don't 
Mail It... Fax It!" Oct. 88], ingenious 
users are thinking of ways to use the 
growing millions of fax machines ap- 
pearing in offices and even homes. Now 
one has been pressed into duty at a 
Burger King in Danbury, Conn. 

No, they don’t send burgers out over 
the fax. But customers in the neigh- 
borhood fax in their orders, then come 
in a little later to pick them up. They 
don't have to wait in line, and the av- 
erage in-and-out time is less than two 
minutes. In addition, the Burger King 
district manager says the machine 
brings in an extra hundred dollars 
worth of business a week, a figure that 
is sure to grow rapidly. 


You could look it up 


We often get letters asking why we 
don't publish an index of POPULAR 
Science articles. The answer is that we 
do, and have for many years. The 1988 
index will soon be available. All the 
others running back through 1972 are 
now available. They’re $1.75 each, or 
five for $5. Send a list of those you'd 
like along with your check or money 
order to POPULAR Science Indexes, Box 
2451, West Chester, Pa. 19380. 
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Fo or example, DAP” '230* Sealant 
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Obviously, the car eating up 
the road above is no ordinary 
Subaru. In fact, it’s a car designed 
to be like no other car. 

It's the new Subaru Legacy.™ 
The largest, most powerful Subaru 
ever built. 

And if you can look beyond 
its gracefully sculptured body 
design, you'll find a wealth of 


engineering marvels. Perhaps none 
more impressive than its 16-valve 


horizontally opposed aluminum 
engine. An engine created for 
maximum acceleration and power. 
With minimum vibration and 
noisc. Ап engine so rare its design 
can only be found on two other 
cars: Ferrari Testarossa and 
Porsche 911. 


Of course, what good is tre- 
mendous power without the abili 
to properly control it. Accordingly, 
the Legacy boasts such strong 
suits as a maximum stability sus- 
pension system, electronic auto- 
matic transmission for maximum 
efficiency, and standard 4-wheel 
disc brakes. 

Furthermore, you can pur- 


OSubaru of America, Inc. 1989. *Suggested retail price. Does not include dealer preparation, inland transportation, taxes, license and state or title fees. Dealer's actual price may vary. 
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he Subaru Legacy 
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Ө 
Subaru. 


in the Subaru tradition of reliable, 
durable cars. Which means it’s or 
new car that will help you avoid 
buying something else that comes in 
a new maximum strength: aspirins. 


claim to be “space vehicles” to 
task. It not only provides more 
interior and trunk room than ever, 
it provides it in a remarkably luxu- 
rious setting. 


chase a Legacy with road 

holding front whecl drive or 

(the world's most advanced 
computerized full time four wheel 
driv tem. For the ultimate in 


traction control. 
«hilarating as the Legacy 
ad, it's equally impres- 


is on the 
sive from within. Fact is, the 
Legacy takes all those cars that 


And starting at about 
$12,500;* the Legacy proves the 
is also strength in numbers. Rather 
reasonable ones at that. 

Finally, the Legacy continues 


ubaru Legacy 


From About $125 


Science Newsfront 


By ARTHUR FISHER 


NASA's Magellan spacecraft, launched 
from the space shuttle, should arrive 
at cloud-shrouded Venus (inset) in Au- 
gust 1990. It will orbit the planet for 
‚ mapping its surface with 
ging synthetic aperture 


Another Magellan 


Captain-General Ferdinand Magellan 
is often celebrated—wrongly—for being 
the first man to circumnavigate the 
globe. He conceived of the voyage and 
early in the 16th century led it bril- 
liantly for many thousands of miles be- 
fore being killed in a battle with some 
Philippine natives—before the ship re- 
turned to Europe. Named after him: the 
Strait of Magellan, through which he 
passed, and the heavenly Magellanic 
Clouds, a pair of galactic systems near 
our own. 

Now th s another Magellan, one 
that NASA's Jet Propulsion Labo- 
ratory hopes will not suffer 
the same disappointing end 
as the first. It is a spacecraft 
due to be launched this month from 
the shuttle, as shown in the artist's 
cept, and headed for Venus. It will 
> there in August 1990, taking 
substantially less time than that long- 
ago trip around the world. 

Magellan's mission is to map the sur- 
face of Venus with its principal 
entific instrument, an imaging synthe- 
tic aperture radar, or SAR. Radar can 
pierce Venus's murky atmosphere, 


T 


etrable, dense clouds of 
ide and sulfuric acid. The 


neer Venus Orbiter in 1979. 


which is composed of otherwise impen- 
bon diox- 
ss-than- 
enlightening results of more-conven- 
tional imaging appear in the photo. 
That picture was obtained by the Pio- 


On Magellan's arrival at Venus, 


a 


solid-rocket motor will insert the space- 
craft into an elliptical orbit around the 
planet. Magellan will then spend 243 
al to one Venusian rotation 
mary role. For 37 minutes 
of each three-hour-and-five-minute or- 
bit, the SAR will scan a 15-mile-wide 
strip from the north pole to 66-degrees- 

Continued 


12 | POPULAR SCIENCE 


Finally A sophisticated weapon 
ius - against plaque. 
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with the INTERPLAK instrument's patented design, the 
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because the bristles are four times softer than Edom Merc 
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Dental professionals approve. 

The INTERPLAK instrument has ^ 
received rave reviews from dentists and e 
periodontists across the country. T 

“Тат recommending it to all my 
patients’-Dr. L.K. Yorn, Cedar т. | چ‎ 
Grove, NJ ١ 

“Atlast my patients enjoy using a 
product which we recommend’- 


Dr. JW. Blackman, Ш, 
Winston-Salem, NC E 
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south latitude, while also gleaning al- 
timetry and radiometry data to deter- 
mine the heights and temperatures 
(around 900 degrees F) of the planet's 
surface features. 

As Magellan attains the zenith of its 
orbit, it will turn its 12-foot-wide dish 
antenna away from Venus and toward 
Earth. For 115 minutes it will trans- 
mit the data it has acquired to moni- 
toring stations on Earth at a rate of 
268 kilobits per second. When its mis- 
sion is complete, it will have returned 
more digital imaging data than all pre- 
vious U.S. planetary explorations 
combined. 


No sci, no math, 
no jobs? 


Young students in the 
United States, and many of 
their elders, dwell to a dis- 
maying degree in abysmal 
ignorance of basic math 
and science and have the 
poor skills in these subjects 
to match. 

A new international 
study conducted by Educa- 
tional Testing Service and 
released in February finds 
our 13-year-olds at or near 
the bottom of performance 
ratings among the United 
States, the United King- 
dom, Spain, Ireland, South 
Korea, and four provinces 
of Canada. Some 24,000 
students were tested. The 
country ranking highest: 
South Korea. 

For example, 78 percent 
of the Korean students 
could do simple two-step 
arithmetic problems, such as finding 
an average; only 40 percent of US. stu- 
dents could. As for analyzing scientific 
results, 72 percent of the Koreans did 
well compared with only 35 percent of 
the US. children. 

The outlook for the future success 
of these students in finding jobs in an 
ever-more technologically advanced so- 
ciety is grim. Archie Lapointe, author 
of the study, said that it gave “а pretty 
accurate picture of what the twenty- 
three-year-olds of 1999 will be able to 
do.” 

Just a few weeks earlier at the an- 
nual meeting of the American Associ- 
ation for the Advancement of Science 
in San Francisco, the authors of an- 
other survey reported that more than 
90 percent of adults in the United 
States and Britain failed to meet min- 
imal standards of scientific literacy. 
“Well under half of the American pub- 


lic and only one-third of the British 
know that the Earth revolves around 
the sun once a year," said Oxford Uni- 
versity professor John Durant. 
Typically, adults flunked such ques- 
tions as "Is it true that radioactive milk 
can be made safe by boiling it?" and 
“1з astrology very scientific, sort of 
scientific, or not scientific at all?" 
Not to worry, the editors of the news- 
papers we read don't do too well either. 
When Michael Zimmerman, professor 
of biology at Oberlin College in Ohio, 
queried 834 editors of the nation's daily 
newspapers, he found their scientific 
views "quite distressing.” About half 
of them believed that dinosaurs and 


An acoustic microscope using ultrasound frequencies as high 
as one billion hertz made this image of a multilayered IC chip. 


humans roamed Earth at the same 
time, and about a third thought that 
Earth was between 6,000 and 20,000 
years old. 


Acoustic microscope 


The picture featured on this page was 
made by a microscope that uses ultra- 
sound, not light, X-rays, or electrons. 
One of only two such devices in the 
United States, the microscope is being 
used by researchers at the University 
of California, Irvine. The instrument 
bombards samples with sound waves 
of frequencies as high as one billion 
hertz (cycles per second). Frequencies 
in excess of 20,000 hertz are inaudible 
to most human ears. Information from 
the way the sound waves are trans- 
formed as they pass through a sample 
is translated into visual patterns, 
and the resulting images can be viewed 


or stored on film or on computer disk. 

The image shown here, although it 
resembles a close-up of blue-green 
algae under water, is actually a cross 
section of a multilayered circuit board. 
The microscope, which is made by the 
Olympus Co., has been signally suc- 
cessful in the nondestructive testing 
of integrated circuits and other elec- 
tronic components. 

But the UC Irvine investigators are 
using the ultrasound microscope exclu- 
sively for biomedical research; their in- 
strument is the only one in the world 
во dedicated. 

^We think this ultrasound micro- 
scope has the potential to revolution- 
ize pathology," says Dr. Joie 
Jones, professor of radio- 
logical sciences at the UC 
Irvine College of Medicine. 
Unlike other imaging tech- 
niques, it is non-invasive 
and can be used not only 
to examine living cells but 
to perform harmless skin 
biopsies. 


Bump-er guard 


Anti-ship missiles are de- 
signed to explode almost 
immediately after they 
have sensed an impact 
with their target. Problem: 
How do you keep these 
$200,000 devices from 
being confused by the im- 
pact of projectiles from 
fast-firing shipboard anti- 
aircraft guns? 

Solution: Design an ac- 
celerometer sensitive 
enough to discriminate be- 
tween the two kinds of 
shock by sensing the different amounts 
of deceleration involved in the two very 
different kinds of collision. But make 
it simple enough, rugged enough, and 
cheap enough to be practical. 

The boffins at Sandia National Lab- 
oratories in Albuquerque, N.M., have 
done just that in a development pro- 
gram begun in the early 1980s. The 
new accelerometer consists simply of 
an ordinary metal bolt whose head has 
been machined-out to create a circu- 
lar cavity. Cemented to the bottom of 
this well is a thin film of polyvinyli- 
dene fluoride that has been specially 
treated to make it a piezoelectric—a 
material that generates a voltage when 
subjected to mechanical stress. A small 
tungsten-carbide weight is glued to the 
top of the film and capped with a spe- 
cial microcircuit. 

When the device is slowed by an im- 
pact, the film is stretched or squeezed, 
Continued 
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DONT GET BELTED! 
TESTA SHAFT-DRIVEN CUBCADET. 


Belts are great for holding up pants, but not when you've 
got a tough tilling job. You need the driving force of our 
shaft-driven Cub Cadet Model 1872 Garden Tractor. Unlike 
the competitors’ models, every Cub Cadet Garden Tractor is 
Shaft-driven to give you better rear wheel traction. Tilling, 
plowing, pushing, pulling, hauling—everything—is smooth 
going when you run with a Cub Cadet. 

And the shaft-drive isn't the only reason to turn your 
thinking to the Model 1872. There's a tough twin-cylinder 
Kohler Magnum engine that delivers 1096 more torque than 
the nearest competitor, a rugged 60" cutting deck, heavy- 
duty hydrostatic drive for easier operation and power 


steering that makes turning effortless. 

And, like all Cub Cadet tractors, the Model 1872 is 
American-made—with advanced, innovative engineering, top 
quality materials and uncompromising workmanship that 
make every Cub Cadet tractor a solid, long-term investment 

From now until June 30, 1989, you can buy the Model 
1872, complete with 60" deck, at a very special f price— 
with comparable savings on r— 
other Cub Cadet models. Test 
drive the shaft-driven Model 
1872 at your local Cub Cadet 
dealer today 


TOUGH TRACTORS FOR YOUR LITTLE CORNER OF THE WORLD. 


Science Newsfront с 


The Boeing Infrared Sensor Calibra- 
tion Facility, the only one of its kind 


and the resulting voltage is amplified 
by the microcircuit. 

"It's a simple device," says George 
R. Laguna, acting supervisor of San- 
dia's Sensor Components Division. “We 
wanted to make this for five bucks.” It 
can actually be manufactured for less 
than ten dollars. 

Laguna believes the characteristics 
of the signal produced by the acceler- 
ometer—both amplitude and timing 
profile—will make missiles smart 
enough to tell the difference between 
bullets and bulkheads. 

The design of the accelerometer 
could be modified to make it useful for 
other—and less lethal—functions. One 
hot prospect: a sensor for automobile 
air bags to discriminate between a 
highway accident and a bump in the 
supermarket parking lot. 


Infrared optics 


The photo above is a view of the new 
Boeing Infrared Sensor Calibration Fa- 
cility, said to be the only one of its kind 
in the free world. (The yellow spot is a 


in the free world, will help to develop 
equipment for ballistic-missile defense. 


simulated infrared light source.) Lo- 
cated in Kent, Wash., the unique lab- 
oratory houses an optical system 
consisting of a scanning mirror, a 
three-mirror beam expander, and a 40- 
inch primary mirror element. The fa- 
cility allows the testing and calibra- 
tion of large infrared sensors under 
simulated operating conditions. Such 
sensors will play an increasingly im- 
portant part іп ballistic-missile 
defense. 


Nine-ball neck 


Here's a new addition to the ever- 
growing list of bizarre physical afflic- 
tions associated with a particular 
occupation, activity, or sport. It's 
“nine-ball neck.” As described in a let- 
ter to the Journal of the American 
Medical Association by Dr. Richard 
Dean Smith, it's characterized by mus- 
cle tightness, shoulder soreness, and 
morning stiffness after playing pocket 
billiards (pool, to some)—especially 
nine-ball. Smith watched a profes- 
sional nine-ball tournament, and as 


much as said “Eureka!” when he ob- 
served players rolling their shoulders, 
flexing their necks, and getting their 
chins practically down to the cue. But 
what's special about nine-ball, as op- 
posed to straight pool? The violent 
break, in which a player smashes the 
cue ball into a diamond-shaped forma- 
tion of nine balls in an effort to pocket 
as many as possible. АП of the above 
movements, plus vigorous shoulder- 
muscle contractions during the break, 
Smith writes, “produces counterforces 
to the stabilizing muscles of the neck 
by the forward thrust of the shoulder 
and arm muscles." 

If you don't believe it, go see Paul 
Newman and Tom Cruise bust 'em up 
in "The Color of Money" 


Aluminum fuel 


А researcher at Penn State's NASA 
Center for Space Propulsion Engineer- 
ing says that aluminum may be the 
fuel of the future for the space shuttle. 

Dr. Stephen R. Turns, an associate 
professor of mechanical engineering, 
is researching the best way to mix and 
burn aluminum powder with more- 
conventional rocket fuels. The mixture 
would be a slurry and could provide a 
safer and more economical means of 
powering the shuttle. 

“Using aluminum slurries rather 
than solid fuel in the shuttle boosters 
has some potential benefits,” he says, 
“and would allow the shuttle’s basic 
configuration to remain unchanged.” 
The principal benefit: More payload 
could be placed into orbit with the 
same size fuel tanks. 

The slurry fuel would also permit the 
booster-rocket engines to be turned on 
and off. “With solid-fuel boosters,” 
Turns notes, “once you light them they 
cant be throttled down or stopped.” 

Turns is experimenting with vari- 
ous mixtures of aluminum powder to 
be combined with either rocket propel- 
lant-1 or kerosene. 

“The slurry burns like a liquid fuel, 
such as kerosene, but it doesn’t burn 
as fast. If we have a fundamental 
knowledge of how the aluminum par- 
ticles are going to ignite and burn, we 
can then combine that information 
with state-of-the-art rocket technology. 
The combination of information will 
tell us if it will or will not work. 

“There was a reasonably high con- 
centration of aluminum in the moon 
rocks returned from the lunar land- 
ings,” Turns adds. “So NASA is now 
looking at space-based fuels. Instead 
of having to ship fuel up from the 
Earth, a fuel refinery could theoreti- 
cally be built on the moon.” [> 


16 | POPULAR SCIENCE 


Highest К And Х Band Sensitivity 


VECTOR 3 


Model 976 


|] Road & Track's recent test of currently 
available radar detectors, BEL VECTOR 3 
rated number one in both K and X band 
sensitivity. Rarely is one radar detector best 
in both K and X bands. In fact, VECTOR 3 
posted the highest K and X band sensi- 
tivity levels ever recorded! The results 
confirm BEL's performance advantage: 


"^. Vector 3 maintains a BEL tradition of 
excellent sensitivity, posting the 
highest figures in this survey for both 

K and X band radar." Road & Track, Nov '88 


It's now clear. BEL technology offers 
unmatched performance. And with today's 
sophisticated radar equipment, nothing is 
more important than the best possible 
performance 


VECTOR 3's performance edge is 
achieved by adapting a technology used in 
military satellite communications. We call it 
Image Rejection Technology$ or IRT®. And 
through its use, VECTOR 3 provides a level 
of sensitivity unequaled by any other radar 
detector manufacturer—a definite advan- 
tage for detecting Instant On or Pulsed 
radar. And when Instant On or Pulsed radar 
is encountered, VECTOR 3 warns you with 
a separate audio alert. 


But outstanding sensitivity isn't your only 
advantage. VECTOR 3 also detects Ka band 


BEL VECTOR 3 
Radar 
Detector 


radar, now increasing in use throughout 
the U.S. and Canada. And VECTOR 3 also 
effectively reduces false alerts from non- 
police sources without any loss of sensitivity 
to police radar. 


Laboratory Tests* 
Sensitivity, dBm/cm? 
Model X-band K-band 
BEL Vector 3 117.2... 1156] 
‘Audiovox RX4 ......... 1041....... 939 
на Monae 


Source: Road & Track, Nov. 
“Conducted by Advanced Product Evaluation 
Laboratory, Inc. 


BEL VECTOR 3 is the only unit in this test that also. 
detects Ka band radar. 


_ 


Road & Track, Nov. 1988 


The IRT® Difference 


A police radar signal is often buried by 
microwave "noise", making it invisible to 
ordinary superheterodyne detectors. Image 
Rejection Technology® however, reduces 
this surrounding microwave "noise" 
making the same police radar signal visible 
for early detection. 


VECTOR 3 with IRT® 
sees the same signal 
clearly by reducing 

microwave “noise”. 


How a conventional 
superheterodyne 
radar detector sees a 
police radar signal. 


Performance this complete also includes 
a long list of features that makes driving 
with VECTOR 3 easy and convenient. 

VECTOR 3 is only $279.95 and comes 
with a full one year warranty on parts and 
service. To order your VECTOR 3, or to 


obtain the name of a dealer near you, just 
call toll-free. 


1-800-341-1401 U.S.A. 
1-800-268-3994 Canada 


a= 


New European 3 Band radar detectors are now available. Please. 
inquire for more information. 


Registered trademark of BEL-TRONICS LIMITED 


BEL, 


BEL-TRONICS LIMITED 
The Intelligent Choice 


976PS 


is. ^ = 


THE CLA 


DODGE DAKOTA 4x2. 


The mid-size Dodge Dakota stands alone. 
Handling loads with an available eight-foot bed 
and up to 2,550 pounds of payload. Handling 
roads with rack and pinion steering and available 
electronically fuel-injected V-6 power. And 

‘See this powertrain limited warranty & its restrictions at dealer 


E 5 
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handling all comers with new anti-lock rear 
brakes, available four-speed automatic and our 
exclusive 7 year or 70,000 mile Protection Plan* 
The 1989 Dodge Dakota. The only true mid- 
size pickup there is. In a class by itself. MO 
BUCKLE UP FOR SAFETY 


——— = 


Automotive Newsfront 


By DAN McCOSH Detroit Editor with Stuart E Brown and Brian Nadel in New York and David Scott in London 


Aluminum sports car 


Honda’s latest mid-engine prototype 
sports car (photo below) pushes the 
state of the art in terms of efficiency 
as well as performance. That makes 
for a car that is more subtle looking 
than flamboyant. It takes a while to 
get the full impact of the Acura NS-X 
sports car, which is Honda’s first as- 
sault on the high-performance echelon 
now dominated by the likes of Ferrari, 
Porsche, and the Chevrolet Corvette. 
Less than four feet tall with a 98.4- 
inch wheelbase, the NS-X is an aggres- 
sive looking but not overwhelming two 
seater. In a field dominated by turbo- 
charged and large-displacement en- 
gines, Honda uses a tidy transversely 
mounted three-liter V6 inhaling at at- 
mospheric pressure through four valves 
per cylinder. The engine’s 250-horse- 
power rating has the admirable specific 
output of 83.3 hp per liter of displace- 
ment—10 hp per liter more than the 
Yamaha-built three-liter V6 in the 
Ford SHO Taurus and slightly better 
than the high-output version of the 
Oldsmobile Quad 4. The NS-X's engine 
incorporates Honda’s variable valve 
timing system [“ANF,” Feb.] to allow 
high-speed output and low-speed re- 
sponse without compromise. This adds 
up to a 0-to-60-mph time of under six 
seconds, according to Honda. 
Mid-engine cars, such as the ill-fated 
Pontiac Fiero, are notoriously heavy, 
but the NS-X weighs less than 2,860 
pounds. To keep weight down, it’s made 
almost entirely of aluminum, includ- 
ing an aluminum monocoque body, en- 
gine block, transmission case, wheels, 
and suspension. In fact, you could 
easily hold all of the car’s iron 
and steel parts in one hand. 
Unveiled at 


the Chicago Auto Show, Honda says 
the NS-X is a year away from produc- 
tion. And Honda engineers were tight- 
lipped about most engineering details 
of the prototype: Repeated requests for 
information got only amused smiles in 
response. These details of the NS-X are 
certain though: The independent sus- 
pension is adapted from Honda’s suc- 
cessful double-wishbone design, but 
also includes a lateral arm to control 
wheel camber under high cornering 
loads. The body is made of arc-welded 
aluminum—a technique heretofore 
limited to race and specialty cars. 

Aerodynamics promise a high order 
of balance with a low coefficient of 
drag. And the low-slung sports car has 
low lift and yaw coefficients to give it 
high-speed stability—essential at its 
promised 155-mph top speed. 

The NS-X will also include a driver- 
side air bag, anti-lock brakes, and an 
exclusive traction-control system that 
limits power in response to accelera- 
tion and the speed difference between 
the two rear wheels. This patented sys- 
tem promises to be sensitive enough 
to control wheel slip in hard cornering. 

At an estimated price of $50,000 to 
$60,000, Honda expects to sell 5,000 
NS-Xs worldwide. But if the perfor- 
mance of the NS-X pans out, this car 
should establish Honda in the top 
ranks of the world’s sports-car makers. 


Subaru’s ECVT on the road 


After years of testing and anticipation, 
driving a Subaru Justy with the new 


electronically controlled constant-ve- 
locity automatic transmission was a 
letdown. Rather than any wild and 
crazy shift pattern, the ECVT trans- 
mission has a familiar feel, which is 
only slightly different from a conven- 
tional automatic transmission. As a 
matter of fact, the only thing radical 
about the Justy’s transmission is its 
technology. 

The Subaru continuously variable 
transmission utilizes a metallic band 
running between two adjustable-diam- 
eter pulleys, rather than a series of 
gears [“Finally—CVT,” Sept. ’87]. This 
gives the transmission an infinite num- 
ber of possible drive ratios, rather than 
just the three or four found on conven- 
tional automatic transmissions. Hy- 
draulic pressure against the side of the 
pulleys varies their size, which in turn 
changes the ratio between the pulleys. 
The drive belt, which is made by Su- 
baru of America’s corporate parent, 
Fuji Heavy Industries, consists of a 
stack of 280 steel links held together 
by a thin metal band. The force on 
the belt is a compression of the stack 
of links, rather than expansion, as 
in a rubber belt. Subaru sources say 
that the drive belt should not require 
service over the life of the car, a prob- 
lem that had plagued earlier CVT 
efforts. 

The gearing ratios change smoothly, 
but the transmission’s engagement 
from a standing stop is often jerky. 
Startup is achieved through an elec- 
tromagnetic drum clutch that contains 
stainless-steel powder, Once engaged, 
Justy's tiny three-cylinder engine 

4, briefly outruns the car as 
revs build, then the 
car smoothly 

accelerates 
Continued 


With a mid-mounted three-liter V6 engine, the Acura NS-X prototype sports car will get to 60 mph in under six seconds. 
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Introducing the Smart 


Level"— the first 
“self-balancing” professional level with 


Ж: 


a built-in electronic measuring system. 


SmartLevel is like no other professional level 
available today. SmartLevel actually calculates 
and displays the exact incline of any surface. 
For the first time, you can take precise 
measurements from dead level to plumb — 
and be assured that every reading will be 
precisely accurate. 


With this one dependable tool, you can set 
concrete forms, drainage lines, door frames, 
the pitch of a roof, kitchen cabinets — even 
aradial arm saw. You will work faster and 
smarter, because measurements will be 
quick, exact, and precisely accurate. 


Measure Any Slope Four Ways 


SmartLevel can measure the slope of any 
surface four ways — in degrees, percent of 
slope, rise and run in inches per foot, and as 
a simulated bubble. And you can adjust the 
accuracy of the reading from 1/2 degree for 
rough work, to 1/10 degree for a critical fit. 


The precise number of degrees is available 
instantly on a large liquid crystal display 
(LCD). It’s easy to see from above or below, 
even in direct sunlight. 


Rebalance By Pushing A Button 


Bubble levels can be knocked out of balance, 
but not SmartLevel. Just push a button to 
reset the internal leveling sensor. In a matter 
of seconds, it’s releveled as good as new. No 
delays, no mistakes, no guesses — just 
incredibly consistent accuracy, everytime. 


SmartLevel is a dramatic advance over 


the conventional bubble level. As you might 
expect, the idea came from a Silicon Valley 


engineer, who first made his living as a 

trained carpenter. His work reflects the “state 
of the art” in the use of microelectronics and 
tool design. 


Electronics: The Big 
Difference 


SmartLevel's advanced 

digital electronics consist of a 
patented micro-calculator and gravity leveling 
sensor, housed in a tough polycarbonate 
module. That's the heart of the system. And 
what a difference over the old bubble! 


Just four large buttons control the functions: 
on/off, leveling modes, sensitivity, and 
leveling reset. The LCD provides a clear 
digital readout of all functions. And the whole 
system runs on one standard 9-volt alkaline 
battery. It's that simple. 


SmartLevel is a real "knockabout" tool. The 
sturdy 6-inch Sensor Module is weather- 
resistant, and truly rugged. Being tossed 
around or rained upon won't faze SmartLevel. 


A Major Advance In Rail Design 


The sleek aircraft aluminum and teak rail 
introduces the latest improvements in tool 
design. It is beautifully balanced and easy to 
handle, due to the unique triangular shape 
and broadened base. The teak complements 
the strong aluminum frame, and was chosen. 
especially for its strength, durability, and 


ruggedness to withstand all weather 
conditions. And glove-size handholds afford a 
comfortable, sure grip. The rail is available in 
three different lengths to suit almost every 
job situation. 


Who Should Own SmartLevel 


Contractor Homeowner 
Carpenter Job Inspector 
Roofer Architect 
Mason Remodeler 
Plumber Cabinetmaker 


A Great Level at a Great Value 


Each SmartLevel is composed of the Sensor 
Module and any one of the three rail lengths, 
which are sold as individual components and 
may be ordered in any combination. The 
Sensor Module locks into any handhold of the 
2-, 4-, or 6-foot rail. It can be easily moved 
from one size rail to another size, or may be 
used alone as a torpedo level. 


The SmartLevel is not available through any 
store, but exclusively through Wedge 
Innovations. Act now, 
and save up to 15% 
on the SmartLevel 
rails if you order 
before July 1, 1989. 


=) 


SmartLevel Sensor Module $79.95 

2' rail only $30.00: $25.00 before July 1. 
4' rail only $60:90: $50.00 before July 1. 
6' rail only $90.00. $75.00 before July 1. 
Money-Back Guarant: 


Try SmartLevel for 30 days. If you are not 
completely satisfied, you may return it for а 
full refund. SmartLevel also carries a one-year 
replacement warranty for defects in materials 
and workmanship. That's our solid guarantee. 


Order Now By Phone or Mail 
CALL 1-800-SMARTLEVEL 
(1-800-762-7853) 

24 hours a day — 7 days a week 
Please mention number E9PSCAB 


€ —MÁ—— a nm - m т mm mm um mm mm m 
Wedge 1 ions • 532 M. Di 1 
SmartLevel Reads Angles Four Ways — Instantly І н rta Dee ашу СА 04098, 1 
А 2 ipti ltem # tity Total 
Degrees of Slope: Useful for installing counter- нат 57995 EN P Rumi ты 
tops, for critical carpentry, for setting doors, for 1 [| 
job inspections. I foot $36-60- ($25 before July 1, 1989) | TR2 І 
Ноот $8699 (850 before July 1, 1989) | ТЕА 
Percent of Slope: Necessary for measuring. foot $8600 ($75 before July 1, 1989) | TRE I 
deck slopes, for setting drainage lines, for [| CA residents add 65% Sales Tax | — | 
masonry and landscaping grades. SmartLevel Shipping: add $5.00 per rail ordered c= 
ends tedious transit work. V. check — vsa мс Total 1 
" Card No. Exp. Date. 
Inches Per Foot: An exact calculation of “rise Authorizing Signature: 1 
and run" of a slope — useful in setting pitch of a 1 
roof, stairways and many carpentry jobs. Name. 
p Address. І 
Bubble Display: SmartLevel simulates ће соп- y/State/Zip. 
ventional bubble for checking standard level or [| Deni [| 
aytime Phone 
plumb measurements. TOPSTAR 


Allow 90 days for shipping 
L-2I2ITT-II------ 


Automotive Newsfront саг 


away until it achieves a steady speed. 

The driver has two transmission 
modes to select from: the D mode for 
economical driving and the sporty DS 
mode. But even in the sport mode, the 
Justy ECVT feels sluggish, espe- 
cially when trying to pass on the 
highway. 

Overall, the efficiency of the 
Justy ECVT is achieved as the re- 
sult of its positive engagement 
and tall drive ratios. The ECVT- 
equipped Justy has the same gas- 
mileage rating as a Justy equipped 
with a five-speed manual trans- 
mission, and the 0-to-60-mph 
time is only one-half second slower. 


Maserati TC materializes 


Chrysler's effort at building a designer- 
label sports car finally made its US. 
debut with the first shipments of the 
Maserati TC, a custom-built convert- 
ible produced in a joint venture with 
Chrysler's Italian partner. 

The hybrid leans heavily on off-the- 
shelf Chrysler components and strong- 
ly resembles the slightly smaller 
Chrysler LeBaron convertible. Unique 
to the TC is a 200-hp 16-valve version 
of Chrysler's 2.2-liter four-cylinder 
turbocharged engine. The Maserati- 
modified double-overhead-cam power 
plant revs freely, and the Getrag five- 
speed manual transaxle shifts smooth- 
ly. But the automatic-transmission ver- 
sion of the TC only comes mated with 
Chrysler's 2.2-liter single-overhead- 
cam Turbo II engine that produces 160 
hp—a match required by the lack of 
torque capacity of Chrysler's three- 
speed automatic transmission. 

Driving the $35,000 front-drive TC 
reveals a competent, predictable con- 
vertible, rather than a high-perfor- 


The Chrysler TC, made by Maserati, 
finally makes it stateside. In its most po- 
tent form, the convertible is powered 


The redesigned Subaru Justy (above) 
has an electronically controlled contin- 
uously variable transmission (below). 


SECONDARY PULLEY ELECTROMAGNETIC 


POWDER CLUTCH 


Based on engine speed and load on the 
car, the primary and secondary pulleys 
expand and contract to give the Justy 
ECVT an infinite range of driving ra- 
tios between 2.5:1 for acceleration to 
0.5:1 for overdrive. An electromagnetic 
powder clutch composed of fine stain- 
less-steel powder in a drum engages the 
transmission to get the car going. 


by a 200-hp intercooled turbocharged 
four-cylinder Chrysler engine with 
Maserati cylinder heads. 


mance sports car—very much in the 
Cadillac Allanté and Buick Reatta 
mode. The car's overall smoothness is 
testimony to the ability of Chrysler en- 
gineers to fine tune the suspension 
with gas shocks and detail work rather 
than any radical innovations. 

Some of the features aimed at reduc- 
ing ride harshness are likely to spill 
over into other Chrysler products. And 
coming soon is a TC powered by a Mit- 
subishi-built three-liter V6, according 
to Chrysler officials, The V6 likely 
will make for a smoother driving ex- 
perience than the Turbo II automatic 
package. 


Modern-day mufflers 


Mufflers have traditionally been con- 
structed more or less like soup cans 
with sound baffling welded inside 
them. The wraparound process by 
which they are made has limited the 
shapes available to variations on the 
cylinder, the most popular being the 
flattened type. Now muffler maker AP 
Parts Manufacturing Co. in Toledo, 
Ohio, has developed a process for pro- 
ducing mufflers from just four sheets 
of stamped steel (see photo page 24). 
The outer stampings form the muffler's 
case, while the inner two mate to form 
the internal tubing and baffles. AP 
says the process is not only cheaper, but 
produces lighter mufflers that require 
simpler exhaust piping and permits 
oddball shapes that make most of the 
underbody space available. These muf- 
flers will debut on some 1990 Ford and 
Jeep-Eagle models, says AP Parts. 


MG rebirth 


Next year will be the year of rebirth 
for the MG, the celebrated and revered 
breed of British sports cars that since 
1980 has appeared in name only as up- 
graded versions of Austin hatchbacks. 
Grapevine reports indicate the three- 
door high tailed coupe is likely to be 
based on the Honda Concerto floor pan. 
This sportster—code-named R8—is 
said to be powered by a two-liter 24- 
valve turbocharged V6 that is capable 
of 190 hp. Options.could include Hon- 
da’s four-wheel-drive traction-control 
system and anti-lock brakes. 


Concept Jeep 


Chrysler's high-waisted Concept I that 
is making the rounds of this spring’s 
auto-show circuit demonstrates how 
aerodynamic styling can be applied to 
utility vehicles. Its rakish windshield 
and flush side glass are some of the 
features of a new generation of more 

Continued 
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Datapros Best Copiers of 1988. 


THIS YEAR, YOU’ LL 
FIND XEROX IN ALL 
THE BEST PLACES. 


In a recent study, the leading publishers 
of computer and automated office sys- 
tems information compared 74 copiers 
for speed, ease of use, and copy quality. 

We thought you might be inter- 
ested in the results. 

First place to the Xerox 1090 
copier. Second place to the Xerox 5028, 
and third to the Xerox 1065. 

Naturally, we were pleased to 

such a wide range of Xerox copiers 
the list. But we weren’t particu- 
larly surprised. After all, Team Xerox 
has always set the standard in copy 


1. Xerox 


2. Xerox 


3, Xerox 


quality, productivity, and ease of use. 
at's what makes our copiers 

the best in the business. And, of course, 
they're backed by the best service and 
support in the business. 

But don’t expect us to rest on 
our laurels. 

Because somebody’s always 
trying to catch up with us. 

For more information about 
Xerox copiers, call 1-800-TEAM-XRX, 
Ext. 1010. 


I'd like to learn more about Xerox copiers. 
| Please send me more information about Xerox copiers. 


| Please have а sales representative contact me 


' Send this coupon to: 
| Xerox Corporation, PO. Box 24, Rochester, NY 14692 


NAME Please Print 
COMPANY 


ADDRESS 


TEAM XEROX.WE DOCUMENT THE WORLD. xerox: 


sleekly styled sport utility vehicles that 
will expand Jeep’s lineup, rather than 
replace the existing Cherokee. 


Aero headlamps 


If designers bent on aerodynamic ef- 
ficiency continue to lower the hoods of 
new cars, headlights will have to 
shrink accordingly. A new lamp sys- 
tem from Robert Bosch Corp. incorpo- 
rates the gas-discharge-lamp technol- 
ogy used in street lights to make a 
small but highly efficient prototype 
headlight bulb, Bosch engineers have 
been able to get 2%% times more light 
out of a smaller lamp that consumes 
about half the power of today’s conven- 
tional twin-filament halogen lamps. 
The system is based оп а minuscule 
0.03-cubic-centimeter bulb that uses a 
high-voltage arc to ionize metal atoms 
that glow brightly. This makes for a 
slim but powerful headlight design. 


Truck with fins 


A project sponsored by the National 
Science Foundation has re- 
duced the drag of an 
experimental trac- 
tor-trailer truck by 
10 percent by at- 
taching aerody- 
namic rear fins. 
The fins force the 
rushing air to flow 
smoothly over the top 
and sides of the trailer, cre- 
ating an efficient boat-tail-shaped air 
pattern behind the truck. According to 
a project engineer, the device easily at- 
taches to the rear of the truck and 


Numerous parts comprise a conven- 
tional muffler (top). This stamped ver- 
sion (center) uses only four and better 
utilizes underbody spaces. 


Seen at the Detroit Auto Show, the Jeep 
Concept I shows the shape of future 
Chrysler sport utility vehicles. 


doesn't interfere with the use of the 
back door. He estimates these truck 
fins could save up to one billion gal- 
lons of fuel each year. 


Security-minded car 


Pity the poor unsuspecting English car 
thief who approaches what appears to 
be an easy mark: a Rover 800 Sterling 
parked on a deserted London street. 
First, he can't find the door locks, be- 
cause this car uses a keyless infrared 
locking system. Then, as he tries to 
winch the sedan onto a flatbed truck, 
the car's alarm pierces the night's si- 
lence and the wheels automatically 
lock. On top of that, specially strength- 
ened windows are directly bonded to 
the body and trip the alarm if broken. 
And if the thief is only interested in 
taking the car's stereo, he'd better 
think again: The entertainment sys- 
tem is split into a number of modular 
units, each carrying an identifi- 
cation code and useless 
when separated. 
This prodigious array 
of protection became 
an overpowering chal- 
lenge for a team of 
British police offi- 
cers who tried with 
all their combined 
might to break into 
this car. They only 
managed to succeed in 
smashing the windows 
and all but destroying the car. 


News briefs 


* Subaru broke an endurance speed 
record by running a Legacy RS Turbo 
at 138.78 mph for 100,000 kilometers 
(62,140 miles), surpassing the pre- 
vious record held by the Saab 9000 
model by more than six mph. The tur- 
bocharged engine used in Legacy's 
speed run is not currently available in 
the United States, but is expected to 
be an option in the future. 

* Toyota is looking into building a 
car in England that would have 80 
percent local content. The as-yet-un- 
named car would be powered by a 1.8- 
liter engine and has a planned produc- 
tion run of 200,000 per year, accord- 
ing to Toyota. 

* Chevrolet is having late develop- 
ment problems with the ZR-1 Corvette 
that threaten to delay production until 
the 1990 model year. 


Measurements of Bosch's experimental 
gas-discharge headlamp demonstrate 
that a smaller unit can produce more 
light while using less power. 
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_ Look What's New for You 
in Famous-Name Electronics 
from The Technology Store 


MICRONTA 


Indoor/Outdoor 
LCD Thermometer 


Il 


FREALISIIC.. 


4-in-1 Universal 
Remote Control 


DARCHER > 


Automatic AC 
Power Controller 


p 
Fe 


Indoor/Outdoor Thermometer. Just press a button to 
display current indoor and outdoor temperatures or mem- 
orized highs and lows. Fahrenheit or Celsius scales. 
#63-843, $29.95 

Wireless FM Mike System for Camcorders. For “pro” 
results! Captures close-up audio even on long-range 
shots. FM system provides clear, noise-free sound up to 
200 ft. Receiver includes monitoring earphone and has 
standard camcorder mounting shoe. #32-1226, $69.95 
4-in-1 Universal Remote Control. Ends confusion— 
replaces up to four separate infrared remotes. You can 
command a TV, VCR, cable box and audio equipment 
with this easy-to-use controller. #15-1902, $49.95 


Wireless Mike 
System for 
Camcorders 


MICRONTA 


Electronic Compass 
for Vehicles 


Electronic Compass. Outperforms ordinary vehicle 
compasses! Accurate aircraft-type flux-gate circuit, large 
lighted display. Mounts on dash or windshield and plugs 
into vehicle lighter socket. 463-641, $49.95 

AC Power Controller/Spike Protector. Power up or 
turn off your complete audio/video system by pressing 
the AC switch on just one component. Built-in circuit 
breaker and noise filter. 461-2781, $49.95 


Exclusively at 


Radie Лаек 


The Technology Store" 


A DIVISION OF TANDY CORPORATION 
Prices apply at participating Radio Shack stores and dealers. 


FREE 184-Page Radio Shack Catalog! Write Dept. 438, One Tandy Center, Fort Worth, TX 76102 


Home Newsfront _ 


By V. Elaine Gilmore 


Elegant—and modular 


NEST '89 is the fifth in a series of dem- 
onstration houses to arise full-blown 
on the exposition floor at the National 
Association of Home Builder's annual 
convention. 

The cozy acronym stands for New Ex- 
panding Shelter Technology. Like most 
NESTs, this one is an assemblage of 
factory-made modules. The premise: 


You start with as many as you need 
(or can afford). As family and budget 
grow, you can buy more. If the kids 
leave home and you have unneeded 
space, you can sell a module or two. 
Whether that becomes reality or not, 
NESTs have graphically demonstrated 
that modular houses can be handsome 
and imaginative. Credit for that this 
year goes first to architect Tom Mc- 
Mahon of The Berkus Group Architects 
in Santa Barbara, Calif., the firm that 
has designed all but one NEST [“Plug- 
Together Modules,” Aug. ’86]. 
“Normally, when you build a modu- 
lar house you build two modules, set 
them side by side, and join them to- 
gether,” says Jim Mitchell of Mitchell 
Brothers Contractors, the builder of 


NEST '89. “So generally you have two 
walls right down the center. With this 
year's NEST, we've separated the mod- 
ules, putting private decks and con- 
necting spaces between." 

Mitchell Brothers built the modules 
in its factory in Birmingham, Ala., as- 
sembled them (for the photo above), 
then trucked them to the Atlanta con- 
vention center for the show. Each mod- 
ule is 13% feet wide, within the legal 
limit for hauling over area roads. 

The steep roof pitch is made possi- 
ble by the use of hinged, collapsible 
roof trusses. The roof was put on in 
the factory, then the upper parts were 
folded down. “It shipped at a height of 
about thirteen feet,” says Mitchell, “but 
we raised it up to sixteen feet when 
we got there." 

Want to buy a 3,000-square-foot 
NEST? It's yours for $230,000 f.o.b. Bir- 
mingham (though it may be someone's 
roost by the time you read this). 


Housing gets some R&D 


Inspired by the factory-made houses of 
Japan and Scandinavia [May '85]—and 
goaded by the threat of competition 
from them—the U.S. Department of 
Energy has allocated $700,000 for 
energy-efficient industrialized-housing 
research. Recipients of the grant are 
the University of Oregon and the Flor- 
ida Solar Energy Center. 

Project directors G. Z. Brown, pro- 
fessor of architecture at the Univer- 
sity of Oregon, and Subrato Chandra 
at FSEC expect the work to produce 
housing designs that are 25 to 30 per- 
cent more energy efficient —with no in- 
crease in production costs. 

“Residential buildings use about 


twenty-two percent of the energy in the 
US.,” says Brown. “If we can reduce 
that twenty-two percent by thirty per- 
cent, that's a lot of energy saved." 


Blocks tackle heat 


The concrete blocks in the photos be- 
low may look like rejects from a bad 
run, but in fact their H shape and un- 
equal walls give them advantages. 

The blocks, called Integra Mass 
Blocks, are laid with the thick (35- 
inch) wall to the inside of the house 
and the thin (1%-inch) wall outside. 
Once laid, polyurethane is pumped into 
the cavities. Result: walls with an in- 
sulation value of R-23— better than 
an insulated six-inch stud wall. 

But just as important, with the In- 
tegra Mass Blocks a mass of masonry 
is inside the insulation, where it can 
absorb and release interior heat. 

The blocks form the walls of a group 
of new houses built by Estes Homes, 
Arizona's largest home builder, with 
technical advice from Arizona Public 
Service Co., the electric utility. APS's 
interest grows out of a need to shed 
some of its load during periods of peak 
demand (i.e. hot days) and bump it to 
periods of low demand (i.e. any night). 

The plan: homeowners are asked to 
run their air conditioners at night to 
cool the masonry walls. Most of the 
time the cool walls should provide 
enough of a heat sink to keep the house 
comfortable—and the air conditioner 
off—through the following day. The 
payoff for homeowners: lower electric 
rates for nighttime usage. 

With the energy efficiency of these 
houses and the off-peak rates, APS es- 
timates that the owner of a 1,692- 
square-foot house will save $350 to 
$450 annually on electric bills. 5) 
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Get Sears sturdiest, strongest, 
best-insulating storm door ata 
great low price EVERY SINGLE DAY! 


wage JUST 249" usec 


Every Single Day! 
Just try and top Sears great features: Installation available at extra charge. 
À Available at most Sears retail stores. 
Refrigerator-style weather Safety tempered glass. Other storm door styles as low as Prices apply only to the continental 


United States except Alaska. 


stripping helps hold in cooled Snap-in or self-storing styles 149.66 Every Single Day! 
air in summer, heat in winter Limited 5-year warranty— A Your actual monthly pay- SEAIRS 
Foam core frame adds the longest Sears offers (see ment can vary depending 

insulation and strength store for details) оп your account balance г worth 
© Sears, Roebuck and Co. 1989 


Electronics Newsfront 


By WILLIAM J. HAWKINS 


Texas Instrument’s 3-D display is cre- 
ated by a laser light source that is syn- 


3-D display 


To scientists at Texas 
Instruments it’s a 
real-time autostereo- 
scopic multiplanar 
3-D display system. 
To the average view- 
er, it could be the 
most incredible ad- 
dition to computer 
graphics ever made. 

The images it cre- 
ates are not like any 
other computer-gen- 
erated pictures. 
These seem to be 
alive, moving, and 
are viewable from 
nearly any angle. 
"They can be seen si- 
multaneously by sev- 
eral persons from 
many angles," says 
R. Don Williams, de- 
velopment manager 
for TI. The idea 
seems to fall between holographic im- 
ages, which can't be made to move, 
and conventional 3-D systems that re- 
quire glasses and have limited view- 
ing angles. 

The trick is in the display surface: 
It's a translucent disc mounted at an 
angle on a motor shaft that spins at 
400 to 600 rpm. Above the disc, out- 
side the display area, is a laser that's 
modulated by the computer to create 
the image. The laser scans the disc to 
draw the two-dimensional image; it's 


Inventors R. Don Williams (left) and Felix Garcia Jr. 
watch the TI system create a 3-D moving image. 


chronized to a spinning angular display 
surface. 


synchronized to the rotating disc to 
create the third dimension. Your eye 
blends them all together to form a 3-D 
picture that seems to hang in space. 

Three lasers—for red, blue, and 
green light sources—could produce a 
color image, and in theory the display 
can be made as large as needed by in- 
creasing the diameter of the disc and 
adding lasers. So far experiments have 
been tried using a 36-inch-diameter 
disc. 

TI engineers envision air-traffic con- 


trollers as one of the first likely users 
of the system. “А controller could see 
the actual positions of planes relative 
to each other and the airport," says 
Williams. "Altitude and protected air 
space could be color coded for addi- 
tional safety." 


Super incredible 


Design computer circuitry in three di- 
mensions and you eliminate circuit 
boards, chip packages, and connectors, 
say engineers at Hughes Aircraft. 
What's left is 90 percent silicon cir- 
cuitry, which increases processing 
speed dramatically and reduces power 
consumption significantly. The point: 
The company is using the 3-D idea to 
build a supercomputer that's capable 
of performing 10 billion operations per 
second—and it fits in your hand. A 
small-scale version has been demon- 
strated, and Hughes is working on de- 
velopment of a large-scale prototype 
along with software. 


Goodbye ni-cad, alkalines? 


Matsushita Electric's new cylindrical 
nickel-hydride battery has 50 percent 
more storage capacity than a nickel- 
cadmium battery, and it can be re- 
charged 500 times with no residual 
“memory.” According to the company, 
a AA-size nickel-hydride has a capac- 
ity of 1,070 milliampere-hours (1.2 
volts at 3 amperes) and it can be re- 
charged in 1%; to 4/ hours. 


Pay-per-view sat movies 


General Instrument is experimenting 
with VIDEOpal, the first pay-per-view 
system for home satellite-dish receiv- 
ers. The device attaches to the compa- 
ny’s VideoCipher II descrambler and 
your phone line. Use the descrambler’s 
remote control to instantly order first- 
run movies or special video events. The 
price for the add-on is about $100. 


Ultimate couch potato 


Team up a TV, VCR, and a personal 
computer that knows your viewing 
tastes. Result: SmarTV, from Meta- 
view Corp. (San Francisco, Calif. 
94123). The $6,000 system records up 
to 186 hours of movies, sports, and talk 
shows, then lets you view them by 
choosing from its TV-displayed menu. 

Continued 
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Blazers always been'right at-home off-road. Dont bother to tik light: Blazer tows-up 
Andnow it's а standout іп town. With great- to 6,000 Ibs* So уой-сап take along aff fhe 
new styling. Plus tennew base-coat/clear-coat comforts. = 
paint colors to make it shine even brighter. If there ever was-a-vehicle built for 

7 And under all that style Blazer has plenty „adventure, its the-new '89 full-size Blazer. 

Of off-road muscle. With its powerful EFI 350 And that's the beauty of it. 


V8. And legendary 4WD abilities, to take b ET mile Piper to Bumper Plus Warrant. See your Chevrolet 
-you from marshy boonies to rugged moun- dealer for terms of this limited warranty 
tain ‘tracks ү Кош missing a beat. oes CM Cop Al Rights A ee гюе buc. [i 
n S OF AMERICA /— 7 TODAY'S CHEVY TRUCK" 
pir ау 
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Electronics Newsfront са 


Et tu ENIAC? 


Everybody knows that Christopher Co- 
lumbus discovered America. Amerigo 
Vespucci who? OK, but Davy Crockett 
died defending the Alamo, right? A day 
later? Crockett claimed he had noth- 
ing to do with the Alamo? Really? 
All right, the ENIAC was the first 
digital computer. As Johnny Carson 
would say, “Wrong again, digital 
drone.” It’s the 40th anniversary of the 
Atanasoff-Berry computer, the first dig- 


ital computer created in the base- 
ment of the Physics Building at 
Towa State College. It took a six- 
year court battle between Sper- 
ry and Honeywell to prove that 
ENIAC was, alas, not the first. 


FMX under fire 


FMX, an FM 
broadcasting tech- 
nique developed 
originally by CBS 


Vl. 


Radar detectors: 
Which are really best? 


These days every maker says their radar 
detector is best. Who's telling the truth? 
Freedom of the press 

If you read movie ads, you know how 
each one finds a short phrase from a 
review that makes it sound like "the year's 
best; Well, some detector makers play 
the same game. 

But we won't play games. Below are 
the overall results of three recent inde- 
pendent tests of radar detectors. 


LATEST PERFORMANCE RANKINGS 


Car and BMW Popular 
Driver Roundel Mechanics 


1*'Passport 
(Escort 
not tested) 


1*'Passport 
2'^Escort 
BEL Quantum 
Whistler 
Maxon 
Radio Shack 
Radio Shack Uniden 


Fox 
par Cobra Cobra 
Whistler | 


1"Escort 
2'^Passport 
BEL 

| Snooper 


Cobra 
Uniden 
Uniden 
Whistler 


BEL Vector =| GUL 
Snooper Radio Shack 
Fuzzbuster 
Sparkomatic „| 
Sunkyong '! 


Sparkomatic 
Fox 
GUL 


Sparkomatic 
[uon 


Although each staff of experts used 
different methods to evaluate the detec- 
tors, their conclusions were unanimous; 
Escort and Passport are winners. 


Here's the proof 

Call us toll-free (1-800-543-1608) 
and we'll send you the complete, unedited 
tests. Read exactly what the experts say. 

How to order 

We sell direct to you. Orders in by 
5:00 pm eastern time go out the same 
day, and we pay for UPS shipping. Overnight 
Federal Express delivery is only $10 extra. 

Ifyou'renotcompletelysatisfied within 
30 days, return your purchase. We'll refund 
all your money, including return postage. 

For top-rated radar protection, just 
call us toll-free. 


TOLL FREE 1-800-543-1608 


(Call Mon-Fri Ват-11рт, Sat-Sun 9:30am-6 EST) 


RADAR WA 


ESCORT $245 он res. add $13.48 tax) 


PASSPORT $295 Он res. add $16.23 tax) 


Cincinnati Microwave 

> Department 601659 
One Microwave Plaza 
Cincinnati, Ohio 45249 


1989 CMI 


For information, call toll free 1-800-543-1608 
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Apple’s Macintosh 
SE/30is four times 
faster than the SE 
model and can use 
MS-DOS or OS/2 
disk files. 


Technology Center to reduce FM back- 
ground noise by compressing the audio 
signal, is just now becoming popular. 
About 50 radio stations use FMX; an- 
other 50 plan to do so soon. (It's com- 
patible with conventional FM receiv- 
ers, but you need a new FMX receiver 
to hear the better signal.) 

But now the system has come under 
fire from a prestigious source. Dr. Amar 
Bose, chairman of Bose Corp. and pro- 
fessor of electrical engineering at the 
Massachusetts Institute of Technology, 
believes that if FMX becomes wide- 
spread, it will cause more interference 
problems than it prevents. Bose has 
calculations to back his claim, but Emil 
Torick, co-inventor of FMX, has an 
equal amount of calculations—plus 
about a year of in-the-field tests—to 
prove that FMX works. 


Apple juiced 


Take an Apple Macintosh SE, add Mo- 
torola’s 68030 microprocessor with the 
68882 floating point coprocessor chip, 
and the result is Apple's SE/30—a Mac 
that’s four times faster then the origi- 
nal SE and capable of using MS-DOS 
disk files. Its price starts at $4,369 with 
one megabyte of memory. An upgrade 
kit for the SE, which includes a logic 
board and chassis, is planned. 


HDTV partnership 


Zenith Electronics and AT&T have 
agreed to develop jointly a complete 
high-definition television system for 
the United States. The companies are 
expecting $13 million from the Depart- 
ment of Defense to help fund the esti- 
mated $24 million project. Under the 
agreement, Zenith will provide the re- 
search and technology and AT&T's mi- 
croelectronics division will design and 
build the needed integrated circuitry. 
A prototype TV set is scheduled to be 
completed by the end of this year, and 
it will likely be the only all-American 
system up for consideration when the 
FCC makes its choice sometime in 
1991. 


ILLUSTRATION BY CHRIS CRAVENS 


Plug-in 
pollution control 


CATHODE ANODE `, WATER TOXINS 
FOL} g ol 
pongen ч 


DRAWING BY RUSSELL VON SAUERS 


У х i 3 LS 1 
Electrodes driven deep into the earth around hazardous 
waste sites can divert local ground water as an electric field 
creates a high-pressure region. Pressure can draw water and 
toxins from the site, or chemicals dispersed though one set 
of electrode pipes can create a barrier around the waste. 


To clean up toxic-waste sites, workers often dig up contam- 
inated soil, then wash, incinerate, or filter it—all costly 
techniques. Now Massachusetts Institute of Technology re- 
searchers have an alternative to excavating huge tracts of 
soil. Professors Ronald F. Probstein and Patricia C. Renaud 
say that electricity fed to ground electrodes at waste dumps 
could extract hazardous chemicals, block contamination of 
ground water, and disperse chemicals to either detoxify soil 
or seal off sites. 

Here's how it works: Voltage is applied to positive anode 
and negative cathode electrodes in the soil, creating an 
electric field between them. Because soil particles carry 
negative charges on their surfaces, they attract positive | " 
ions—atoms missing electrons—from water in the soil. | You Han 
“What happens is the positive charges are pulled to the ping. 


negative electrode and they drag the water with them," | 


Specially formulated with more 


says Probstein. This technique, called electroosmosis, has 


been used by construction companies since the 1940s to rustfighting ingredients than other 
extract water from work sites. | metal paints, Rust-Oleum forms a T 

In one lab experiment Probstein and his colleagues packed | superior barrier that seals out mois- 
clay saturated with phenol, a coal-tar derivative, into | ture. To keep the metal you count on 
4-by-20-inch plastic cylinders. Porous electrodes at both ends from letting you down. 


of the cylinders enabled them to add water at one end and | 
extract it at the other. “Not all toxic waste will move under 
the action of an electric field because there aren't any ions 
in it," Probstein explains. “So my idea is to add water or | 
other harmless fluids that do move and push the toxic ma- 
terial out." A computer revealed the electric fields and water 
had purged about 75 percent of the phenol from the clay 
after two months. "That's not perfect, but it's absolutely 
marvelous," Probstein told me. Experiments with acetic 
acid resulted in most of the acid being purged. Probstein 
says that current tests with benzene look promising. 

For site tests, pipes with holes would be driven about 
three feet apart into contaminated soil. Pumps will force 
water into positively charged pipes. Other pumps on nega- 
tively charged pipes will extract toxic wastes and water. 
Pipes could also be positioned around sites in other arrange- prove CTIVE COAT NG 
ments (see diagram) to inject and disperse sealants or other 
chemicals.—John Free 


Ifits going to get wet, get] 


ка RUST-OLEUM. 


CORPORATION 


А meticulously engineered die-cast metal replica 
of one of America’s greatest...and rarest...automobiles 


The 1932 V-16 
Sport Phaeton 


Shown smaller than actual size of 954". 


"Sixteen cylinders.” The very words 
imply an automobile of extraordinary 
proportions. Indeed, at the time, the 
engine of the 1932 Cadillac V-16 Sport 
Phaeton was hailed as a work of art. 


The massive engine, housed beneath 
astrikingly beautiful body, effortlessly 
propelled this huge automobile to 
incredible speeds. The grandiose luxury 
of this fabulous custom-made Cadillac 
made its cost dear indeed...$4,945, 
equal to more than $100,000 in today's 
terms! 


MOVING DETAILS: All four doors open 
smoothly as do both sides of the engine 
compartment. The front wheels turn with 
the steering wheel. 


Perhaps the best 
Cadillac ever built. 


Of the 300 V-16 automobiles Cadillac 
built in 1932, only two were Sport 
Phaetons. They are certainly among 
the rarest cars ever built, and many 
automobile historians agree they were 
the best looking, most powerful and 
luxurious Classic cars ever built by 
Detroit. 


This 1:24 scale, die-cast metal replica of 
the 1932 Cadillac V-16 Sport Phaeton 
captures all the special details that 
made the original car so extraordinary. 


The Cadillac trademarks are used under license from General Motors Corporation 


Like a fine, spring-run watch, this col- 
lector’s model will astonish you with 
its working detail: all four doors open 
smoothly, the front wheels respond to 
the steering wheel, and both sides of 
the hood can be raised on precision 
hinges. 


Over 130 scale parts go into the making 
of this replica. All the important com- 
ponents — the body, chassis, drivetrain 
and engine block — are crafted in 
metal. The seats are covered with 
leather and the tires are rubber. 


Each metal part is polished before 
painting. Every single component is 
inspected before the replica is assem- 
bled by hand. When at last a replica is 
complete, it is hand-waxed before 
being released for shipment. 


Available only from 
the Danbury Mint. 
This extraordinary replica is available 


exclusively from the Danbury Mint. It is 
not being sold in stores. 


ENGINE: The detail of this 452 cubic inch, 
sixteen-cylinder overhead cam engine is 
authentic. 


E 


the ee Miint 


47 Richards Avenue, Norwalk, Conn. 06857 


©1989 MBI 


UNDERCARRIAGE: 
The springs, axles, 
transmission, 
differential and 
frame are detailed. 
The components are 
hand-assembled. 


You need send no money now. Simply 
return the Reservation Application. The 
price of $88.50 is payable in three 
convenient monthly installments of 
$29.50 each. 


For your convenience, you may charge 
your installments to MasterCard, VISA 
or American Express. 


Your satisfaction is absolutely guaran- 
teed. If you are not completely happy 
— for whatever reason — you may 
return your Cadillac within 30 days of 
receipt for a prompt replacement or 
refund, whichever you prefer. 


First-come, first-served. 


Production of this superb, hand- 
assembled, hand-finished model can- 
not be rushed. Reservations are being 
accepted оп а strict first-come, first- 
served basis. To avoid disappointment, 
please mail your reservation today. 
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| The Danbury Mint 
| 47 Richards Avenue 
Norwalk, Conn. 06857 


| Please accept my Reservation Application to 
the 1932 Cadillac V-16. | need send no money 

now. | will pay for my Cadillac in three 
monthly installments of $29.50 each,* the 
first in advance of shipment. 

| My satisfaction is guaranteed. If | am not 
completely satisfied with my replica, | may 
return it within 30 days of receipt for prompt 


| 
| 
| 
Please return | 
| 
| 
| 
| 
| 
| 
| 
replacement or refund, whichever | prefer. | 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


promptly. 


| 729025 per instalment tor shinning and handing, 


| Name 
Please Print Clearly 


| Address 


| булше — 20 
Check here if you want each monthly install- 
ment charged to your: 

| О MasterCard L]VISA O American Express 


| credit card Number 
| Signature oa 
| Allow 8 to 12 weeks after initial payment 

| for shipment. 


Expiration Date 


Now: an extension cord 
that can save your life 


When you use an extension cord with 
power tools, you're often working out- 
doors or in a damp basement or ga- 
rage. To safeguard yourself from 
ground-fault shock hazard, ground- 


needed. If your outlets in these areas 
don't have GFCI protection—and only 
a fairly new house’s outlets will— 
you need a GFCI extension cord. 

I first proposed showing PoPULAR 
Science readers how to make such а 


fault circuit-interrupter protection is 


An Engineering Masterpiece 
That Performs as Beautifully as It Looks 


Onlya few times in each generation do pure elegance and ulti- 
mate function meet as they do in Rugers Red Label Over and 
Under Shotgun. In the field, or up against the tough competi- 
tion of modern sporting clays, discriminating shooters have 

` discovered this American-made triumph of engineering, perfor- 
mance and style. 


STURM, RUGER 
& Company, Inc. 


31 Lacey Place, Southport, Connecticut 06490 


Free instruction manuals for all Ruger firearms available upon request. 


Entire contents © 1988 by Sturm, Ruger & Company. Inc. 
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cord by converting existing three-wire 
extension cords to GFCI. But when I 
checked this with electrical experts 
they told me there were two problems: 
A cord-connected GFCI must guard 
against an open neutral; and it should 
be double insulated. 

Then I discovered there was a cord 
for sale that solved both problems and 
made a homemade version impracti- 
cal. It’s the Guardian, made by Woods 
Wire Products (Carmel, Ind.), and it 
includes a normally open double-pole 
powered relay that won't route power 
to the load side of the GFCI when the 
cord is plugged in and an open neu- 
tral fails to complete its relay circuit. 

This UL-listed cord comes in 6-, 
25-, and 50-foot lengths, rated for 15- 
ampere duty. You really only need the 
six-foot length (under $30) because you 
can plug into it any good non-GFCI 
extension you now own to extend your 
protected reach. 

For an explanation of ground fault, 
see "Shock Stopper" [May].—R. Day 


To keep out dirt and moisture, the box 
has a spring-loaded snap cover (top). 
The author dissected the box to check 
for double-pole powered relay. 


MONROE SHOCK SALE: APRIL 27 THRU MAY 13 


AT MOST U.S.A. KMART STORES 


Kmart has shockingly low prices on America's #1 replace- 
ment shocks. Monroe. Like heavy-duty Monro-Matic;" 
gas-charged Monro-Matic Plus,” or Gas-Matic™ for the 
ultimate in riding comfort. They fit many domestic and 
import cars. For pickups, vans and RVs, pick up 
Gas-Magnum” shocks. So hurry to Kmart before 


prices bounce back to normal. 


Installation available in stores with service during regular business hours. 


All prices are carryout each, 


7 22 с=з 


QO Rebate 


Details in store. 


Viscosity sensor 


makes waves 


TEFLON CELL 


SOLUTION IN CONTACT 
WITH SURFACE 


$ 
PIEZOELECTRIC 
QUARTZ SUBSTRATE 


INPUT 
TRANSDUCER 


ACOUSTIC OUTPUT 
PLATE MODE TRANSDUCER 


A new sensor has been developed that 
can determine the viscosity of as little 
as one drop of a liquid. The grape-size 
sensor can measure the viscosity of 
fluids in hard-to-get-at places, like 
drive mechanisms, engines, and oil 
deep underground, and of chemicals 
made in small experimental amounts. 
Viscosity is a measure of how thick, or 


cohesive, a liquid is: Honey is more vis- 
cous than water, for example. 

“But what’s really unique about the 
sensor is that it has no moving parts,” 
says Antonio J. Ricco, who with Ste- 
phen J. Martin developed it at Sandia 
National Laboratories. 

How it works: After liquid is placed 
in a cell on the sensor's top, an oscil- 


lating electrical potential is applied to 
one transducer. This makes the piezo- 
electric quartz crystal oscillate, gen- 
erating a mechanical wave that travels 
along the sensor’s length (see diagram). 
A transducer at the other end converts 
the wave back to an electric signal. The 
more viscous the fluid, the more en- 
ergy it absorbs from the wave. So com- 
paring the before and after electrical- 
signal strengths tells viscosity. 
But measuring viscosity isn't the 

5 only capability. Because it 

in the 50-nanometer- (50- 
billionths-of-a-meter) thick layer of 
liquid adjacent to the surface, the sen- 
sor may be useful in studies of зинаға 


sitive to ion- -concentration 
changes,” notes Ricco. Because of the 
quartz’s nature, along with the me- 
chanical wave there is an electrical one. 
The wave interacts with ions in a so- 
lution by acousto-electric coupling 
—similar in principle to mechanical 
ous coupling. Some possible appli- 
cations: monitoring corrosion of thin 
films, electrodeposition, and finding a 
chemical species dissolved in solution. 
*With this you could, for example, 
monitor waste water for metals," says 
Ricco.—Mariette DiChristina 


is also si 
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МАҮ 1889 
“The detection of the dark 
YEARS AGO 


lines called canals was 
only the beginning of Gio- 
vanni Virginio Schiaparelli’s discover- 
ies about the planet Mars. In addition 
there are certain regions that Schia- 


tween sea and land. The region named 
Libya (right), which ordinarily appears 
as a continental expanse, seems to be- 
long to this class of variable areas, and 
within the past year it has obtained 
great celebrity because it was said to 
have been submerged by an inunda- 
tion from the adjoining sea.” 

5 clipped wings would hurtle 
YEARS across country at more 
than six miles a minute in a 'flying- 
railway' system proposed by a Euro- 
pean engineer. At low speeds the ve- 
hicle rolls along standard rails. Under 
full throttle, however, the whole front 
of the car rises from the track and, 
lifted by the wings, rides on air, reduc- 
ing friction so that speeds up to 400 
mph may be attained. Retaining chan- 
nels and rollers prevent the forward, 
or ‘flying,’ end of the car from zooming 
dangerously high. Meanwhile the rear 
wheels, remaining in contact with the 
rails, continue to supply propulsive 
force. The space required between 
tracks, to allow clearance for trains 


traveling in opposite directions, would 
be used as an automobile highway.” 


2 corner. The rear end bare- 


YEARS AGO ly breaks loose,” wrote rac- 
ing champion Dan Gurney, who drove 
a prototype of the Ford 
Mustang. “I clocked it 
from 0 to 60 mph in 7.1 
seconds. 

“The Ford Motor Co., 
which began displaying 
the Mustang in U.S. 
showrooms last month, 
calls it ‘a new breed of 
automobile. It may well 
be. The car has some- 
thing for everybody, 


MAY 1939 


“Captive airplanes with 


MAY 1964 


“Here I'm taking a hard 


parelli describes as intermediate be- E 


Looking Back... 


Sampling a century of POPULAR SCIENCE 


Ordinary Appeanace 


Some astronomers believed the 
strange markings on Mars were actual 
waterways, perhaps even irrigation 
ditches dug by intelligent beings. The 
mystery wasn't solved until 1969 when 
pictures taken by Mariner 6 and 7 
showed the channels didn't exist. 


The plan never materialized, but 
visions of flying trains persisted. To- 
day engineers in the United States, 
Japan, and West Germany hope to 
build high-speed trains using magnetic- 
levitation technology (see “310-mph 
Flying Trains,” this issue). 


depending on how you load it with op- 
tions. It doesn’t have the body configu- 
rations of a sports car, but then again, 
just what’s a sports car?” 
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LEGENDS OF THE 
INDY 500 


brought to you by 
H le 
Mobil EE 
First of a series 


Triple Winners 


Eighty years of power and speed, men 
and machines. Many a legend has flow- 
ered at the fabled "Brickyard" — though 
only a symbolic three-foot strip at today's 
finish line remains brick paving at the 
Indianapolis Motor Speedway. 

Otherwise today's pointy-nosed projec- 
tiles, their airfoils pressing down, hug 
smooth asphalt around the 2.5-mile oval, 
banked nine degrees on the turns. So 
you get speeds like Rick Mears 220.453 
mph in qualifying for last year's 
Indianapolis 500. 

That's triple the average 74.59 mph at 
which Ray Harroun won the first Indy 500° 
on the two-year-old Speedway May 30, 
1911. To see who might be gaining on 
him, he mounted on rods in front of his 
cockpit what was believed to be auto- 
mobiling's first rear view mirror. 

The crowd was smaller than today's 
400,000, give or take, who make the 
Indianapolis 500—traditionally raced on 
Memorial Day weekend —the world's big- 
gest one-day, one-site sporting event. 

Legends? How about triple winners, 
drivers who won the Indy 500 three 
times? In the years beginning in 1911, 
save for the war years 1917-18 and 
1942-45, when there were no Indy 500s, 
there have been six— Louis Meyer in 
1928, 1933, 1936; Wilbur Shaw in 1937, 
1939, 1940; Mauri Rose in 1941 (he took 
over at a pit stop from Floyd Davis), 1947, 
1948; Bobby Unser in 1968, 1975, 1981; 
Johnny Rutherford in 1974, 1976, 1980; 
Rick Mears in 1979, 1984, 1988. 

Bringing you this account, the Mobil 
Flying Red Horse adorned every Indy 
500 winner for some 15 years from the 
late 405 to the early 605. And it's on the 
car of the current Indy 500 record-holder, 
Bobby Rahal—an average 170.711 mph in 
1986. Faster speeds over the years reflect 
more power from smaller engines, and 
i ing aerodynamic design perfected 
icated wind tunnels. 

And thereve been two quadruple 
winners—A.J. Foyt in 1961, 1964, 1967, 
1977, Bobby's brother А! Unser in 1970, 
1971, 1978, 1987. A.J. and "Big Al” are still 
racing—their competitors including "Little 
Al’ Unser Jr. And behind is "Mini" Al, 6, 
who at age 4 was driving his 3-hp “mini 
Indy Car" 25 mph. 


© 1988 Mobil Oil Corporation 
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‘only one kind of oilican take this kindof heat. 


È Testsshow that Mobil?" conventional тог oil. 
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f you're like the 800,000 or so Americans who 
purchased a minivan last year, there are proba- 
bly times when your household has had a le- 
gitimate need for all of the following: a bus, a 
tractor-trailer rig, a space- and fuel-efficient sub- 
compact, and a fun-to-drive sports car. Of course, 

minivans simply can't fulfill all these roles, but these space 
machines pack extra function into their boxlike forms by 
making the most of modern technology. 
Despite their stubby appearance, these vehicles are aer- 
odynamically efficient and their interiors are thoughtfully 
laid out. They use sophisticated engines, computer-con- 
trolled transi ions, high-tech drive lines, and supple sus- 
pensions to excellent advantage. As a result the modern 
minivan may be the most versatile vehicle on the road today. 
To examine the length and breadth of this class the test 
team selected two domestic "stretched" version minivans 
and two imported models. The Dodge Grand Caravan LE is 
a descendant of the original American minivan that start- 
ed it all. Along the way engineers have added V6 power, 
Continued 


Which are the best drive wheels to 
power a minivan: front, rear, or all 
four? PoPULAR SCIENCE ponders this 
question by pitting two domestic 
entries—a front-wheel drive 
Dodge Grand Caravan LE 
and a rear-drive Ford Aero- 
star Extended Wagon— 
against a rear-drive 
Mazda MPV Wagon and 
an all-wheel-drive Nissan 
Axxess GXE in tests of 
traction, handling, and util- 
ity. The results may send 
some players to the dugout. 


SPACE 
MACHINES 


FRONT DRIVE VS. REAR DRIVE VS. 
ALL-WHEEL DRIVE 
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By DON SHERMAN Photos by John B. Carnett 


group of minivans has a mountain of 


potential uses. Clockwise from bottom 
right: Nissan GXE, Mazda MPV 
Wagon, Dodge Grand Caravan LE, and 
Ford Aerostar Extended Wagon. 
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ALL-DRIVE AXXESS 


VISCOUS COUPLING 
REAR DIFFERENTIAL 


The all-wheel-drive power train on the Nissan 
Axxess is adapted from the model's front- 
wheel-drive cousin to direct the engine's torque 
to the wheels with the best traction automati- 
cally. It uses a viscous coupling in the center 
differential, which acts as a limited-slip de- 
vice. The coffee-can-sized viscous coupling unit 


nine inches to the wheelbase and 
nearly 15 inches to the overall length, 
and most recently Chrysler's new Ul- 
tradrive electronically controlled four- 
speed automatic transmission. 

This year Ford has added a 15.4-inch 
extension to its Aerostar minivan, 
yielding an additional 28 cubic feet of 
interior space. However, the Aerostar 
Extended Wagon is still built on the 
same 118.9-inch wheelbase as the 
standard-length Aerostar minivan. 

On the import front, the Mazda 


MPV —short for multi-purpose vehi- 
cle—is also rear-wheel drive, but un- 
like the current generation of mini- 
van, the right-side rear door swings 
out instead of sliding back. 

The 1990 Nissan Axxess is the new- 
est member of our minivan mix, and 
is the wild card of this test. Strictly 
speaking, the Axxess is not a minivan; 
it's actually a compact station wagon 
with an elevated roof line and three 
rows of seats. We've included it here 
because it offers a smaller alternative 


CENTER DIFFERENTIAL 


contains two sets of thin parallel discs alter- 
nately connected to the front and rear wheels. 
These plates are sealed in a thick silicone fluid. 
When the front and rear wheels have good trac- 
tion underfoot, the two sets of plates rotate at 
the same speed and the fluid has no effect. But 
when they begin to rotate at different speeds — 
such as when the front wheels spin on ice—heat 
quickly stiffens the silicone fluid. This forces 
the two sets of discs—and the drive wheels 
to which they are connected — to rotate іп lock- 
step. By this means torque is transferred from 
the slipping front wheels to the rear wheels for 
better traction. The Axxess SE model (above) 
offers a more sophisticated drive line that in- 
cludes a second viscous coupling in the rear 
differential.—Brian Nadel 


to the standard minivan, and a four- 
wheel-drive power train as well (see 
sidebar), a feature that is now avail- 
able on other minivans, including the 
MPV, the Toyota van, and the Volks- 
wagen Syncro. 

To the casual observer these are four 
peas in a pod: Each one appears to be 
a blunt-nosed box on wheels. Of course, 
each drives differently—on and off the 
test track—and the mechanical com- 
ponents are arranged in different ways 
to accomplish each minivan's mission. 


MINIVAN VARIATIONS 


The latest generation of minivans is a varia- 
tion on a good idea—a garageable van that 
drives like a tall car and can transport passen- 
gers and cargo beyond the scope of a full-size 
station wagon. 

The two extended-length minivans in our 
test—Ford Aerostar Extended Wagon and 
Dodge Grand Caravan LE—add carrying ca- 
pacity, but are both less maneuverable than 
their smaller cousins. In the case of the 
Aerostar, the increase in bulk pushes the pack- 
age beyond the bounds of a minivan. It's a 
nicely finished substitute for a full-size van, 
but is less convenient getting around town. 

The Grand Caravan's front-wheel-drive plat- 
form makes for a lower load floor and overall 
height. Some rough spots come through, how- 
ever, an interior that could have been finished 
better and а rough-shifting automatic trans- 
mission that doesn't do justice to its jewel of 
a high-torque V6 engine. 

The Mazda MPV Wagon is a notch smaller 
than the two domestics in our test and much 
better than Japanese minivans we've previously 


tested. Performance is outstanding and han- 
dling predictable, although on the open road 
it tends to get knocked around by crosswinds. 
The interior finish is the best of the group, but 
the stepped load floor and swinging side door 
seem to reduce the overall utility of the vehicle. 

Less of a workhorse and more of a tall sta- 
tion wagon is the Nissan Axxess GXE model. 
The excellent traction of the all-wheel-drive 
minivan makes it the most pleasant to drive of 
the four, and front seating is carlike. But the 
tiny nonremovable rear seat inhibits use as a 
load carrier. Being equipped with the only four- 
Cylinder engine in the group, it was slightly 
underpowered by comparison. The automatic 
transmission also downshifts too often. 

The caveat in making a selection from this 
group of minivans is understanding what is 
more important—comfort and drivability or 
load-lugging. The size spectrum ranges from 
the Axxess to the Aerostar, with the Grand Car- 
avan and MPV somewhere in between. In my 
mind, the Grand Caravan is still the best 
compromise.—Dan McCosh 


Car or truck heritage? 


The Dodge Caravan broke new 
ground in 1983 as a minivan spinoff 
from the venerable K-car blueprint. 
This gives it a low floor—only 19 
inches from the ground—and a carlike 
driving position. 

The Ford Aerostar comes from the 
opposite design extreme: built the 
truck way. It has the engine up front, 
rear-wheel drive, and a load floor that's 
25.5 inches off the ground. 

The Mazda MPV falls somewhere in 
between: It has a low-to-the-ground 
driving position and a two-tier load 
floor. The floor is 17.5 inches off the 
ground for the front two-thirds then it 
rises 10 inches at the rear seat to clear 
the minivan's live rear axle. 

The all-wheel-drive Nissan Axxess 
has a vertical jog of 4% inches in its 
floor pan to make room for its differ- 
ential and half shafts that drive the 
rear wheels; the same floor pan is used 
for the front-wheel-drive Axxess. 

Continued 
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These two machines share a great deal more than 

just a name. The one on the top likes to win at the 

track. It's the specially modified Daytona Shelby 

tJ that posted IMSA GTU victories this year, dust- 

ing competitors like Porsche and Nissan in the 

process. The one below likes to run on the street. It's the 
Daytona Shelby you'll find at your Dodge dealer. Available over 

| | the counter with 174 intercooled turbocharged horsepower. 


Multi-point fuel injection. Vented high capacity 4-wheel disc 
brakes. Speed rated 16" tires. And a close-ratio 5-speed Getrag 
gearset. So what's the connection? Simple. At Dodge, soul- 
stirring performance is what we're all about. And whether we're 


poh gece ay THE NEW SPIRIT 
back. For anything. OF DODGE 


Or anyone. 7 THE PERFORMANCE DIVISION OF CHRYSLER MOTORS 
BUCKLE UP AFETY 


Space machines continued 


All four minis have three rows of 
seats to accommodate a variety of pas- 
senger and cargo combinations. The 
back two benches in the Grand Cara- 
van and Aerostar minivans are read- 
ily removable. That convenience, in 


combination with a flat load floor, 
makes the domestic models the best 
bulk movers of our minivan test group. 
The Aerostar takes hauling honors 
with an interior that is slightly larger 
than the Grand Caravan. The Mazda 


Snaking through the POPULAR SCIENCE 
slalom course, the minivans show 
different handling characteristics. The 
rear-drive Aerostar (top left) starts to 
lose its footing, while the front-drive 
Caravan (top right) rolls hard. The 
rear-drive MPV (bottom right) exhibits 
little body lean, and the Axxess (bot- 
tom left) with its all-wheel-drive power 
train tenaciously grips the road. 


MPV has an easily removable middle 
bench and a folding rear seat. But re- 
moving the back bench to clear the 
floor for cargo requires tools. Both back 
rows of seats in the Nissan Axxess are 
foldable, but neither can be readily re- 
moved. In compensation, the diminu- 
tive Nissan offers superior access via 
two hinged front doors, two sliding side 
doors, and a gaping rear hatch. 
Each model goes its own way in 
terms of power train. The Nissan 
Axxess has a single-overhead-cam 12- 
valve 2.4-liter four-cylinder engine 
rated at 138 horsepower. The other 
three minivans are powered by three- 
liter 60-degree V6 engines of varying 
levels of technological sophistication. 
The engines on both the Caravan and 
the MPV are also of single-overhead- 
cam design. But while the Mitsubishi- 


HONDA'S COMMITMENT TO НК 
IS NOT CONFINED TO TI 


made V6 on the Caravan has two 
valves per cylinder and puts out 141 
hp, the Mazda breathes through three 
valves per cylinder to produce 150 hp. 
The Ford Aerostar’s V6 relies on a 
push-rod design that it shares with the 
Taurus and Sable; it produces 140 hp. 

Transmission decisions 
The Mazda MPV came to this test 
equipped with a smooth-shifting five- 
speed transmission while the others 
were equipped with four-speed over- 
drive automatic transmissions. (Mazda 
offers an optional four-speed automatic 
on the MPV.) Electronic controls are 
gradually filtering into automatic 
transmissions, and both the Nissan 
and the Dodge were so equipped. We 
were particularly interested in the 
Grand Caravan’s new-for-1989 Ultra- 
drive automatic, which Chrysler claims 
to be a “quantum leap forward in drive- 
train technology.” This four-speed 
transmission is only slightly larger, 
heavier, and more complex than Chry- 
sler's three-speed automatic. But with 
an extra gear and fully adaptive elec- 
tronic controls, the company’s aim 
is to deliver smoother shifts, better 
acceleration and drivability, along 
Continued 
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ILLUSTRATIONS BY MITCHELL J. ALBALA 


Honda automobiles and motorcycles 
have won a reputation for engineering 


. excellence that extends from the high- 


way and the racecourse to your own 
backyard. 

The Honda riding mower, for 
instance. Its efficient Overhead Valve 
engine is mid-mounted to permit stabil- 
ity and maneuverability far superior to 
typical rear-engine mowers. 

The Honda HT 3813 lawn tractor 
meets the challenges of extensive yard 
care with liquid-cooled, twin-cylinder 
power. Plus, Honda’s exclusive Mechan- 
ical Autoclutch Transmission (MAT"), 
allows clutch-free gearshifting. 

To make a leisurely drive of mowing 
your lawn, visit your Honda Riding 
Mower or Lawn Tractor Dealer. Ask 
about convenient financing and Honda's 
2-year limited warranty. For the nearest 


dealer, check the 
Yellow Pages or call 
the number below. [Power | 
| Equipment _| 
1-800-426-7701 


For optimum performance and safety, we recommend you read the owners manual 
before operating your Honda Power Equipment. © 1080 American Honda Motor Co, Inc. 
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POPULAR SCIENCE TEST RESULTS 


Nissan Axxess GXE 


Mazda MPV Wagon 


Ford Aerostar Extended Wagon 


Dodge Grand Caravan LE 


ACCELERATION 
and HANDLING 


0-30 mph (sec). 

0-6 mph (c) 

30-50 mph (ec) 

50-70 mph (ec) 
Double-lone change (mp. 
Slalom (mph) 

Rood holding (6 


BRAKES 
60-0 mph cold (ft) 
60-0 mph warm (i) 
60-0 mph hat (ft) 


INTERIOR NOISE 
Ме (8) 
40 mph (48) 


Engine зап 
Vahe troin ЗНОС, 2 valve/qlinder 
Power at engine (hp) € rpm. MI е 5,000 
Torque ot engine (b-1t) © rpm. 171 e 28 
Compression rato 881 
Tronsmission {speed outomat 
Final drive по 341 
CHASSIS 
Front suspension 3 
MacPherson stu, 
хой spring 
Rear suspension Rigid osle, 
leat spring 
Steering geor Rock ond pinion power 
Turning circle (0) 50 
Brakes, Disc, drum power. 
EPA MILEAGE 
w 
Highway. B 
DIMENSIONS 
Wheelbase (n. 191 
Length (а) 105 
Width (in) 
Height (8). CH 
Curb weight (lbs. [distribution (% front: rear)... | 1550/5842 
Foel tonk (gol) E] 
Interior volume (а, i) 19 
Cargo volume (co. ft. 150 


Bose price $16,462 

Price as tested $20,856 

Major options (over $100) Lurorypodage $1,756 
тїт padoge $671; reor 
AIC $560; premium 
odo $214 

PS SERVICEABILITY 

Total of 12 (maximum of 60 points) items E 

Best боме Engine comportent 

Worst feature Spork plug acess 

SPARE-PARTS COST 

Broke pods, front. sm 

Broke pods, reor LJ 

Front shock/strut insert (each). 

Мета. 160 

Fuel pump. w 

Ignition module 300 

Grille. з 

Front bumper n 

Windshield ж 

Taillight lens ы 

Front fender ns 


БЕТТИ 


БЕ 


sä 


3.0L FI Vé тани 
‘SOHC, 3 volve/olinder | SOHC, 3 volve/cylinder 


150 5,000 138 e 5,600 

165 е 4,000 148 е 4.400 

asa 86) 

Speed manual peed слота 
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"Nol available 'reorseots removed “rear seats folded down “includes fel-injecion electronics module 


with more-efficient highway cruising. 
Another area of interest was the in- 
lependent rear suspension on the Nis- 
san Axxess—the only one in our test. 
MacPherson struts form the main sus- 
pension element, and each rear wheel 
is attached to the platform by one trail- 
ing link and a pair of parallel lateral 
links. The all-wheel-drive Axxess also 
employs specially designed bushings on 
the lateral links that compress on hard 
cornering, giving it a small amount of 
rear-wheel toe-in to improve turning 
stability. The suspension also provides 
some anti-squat and anti-dive effect to 
resist pitching. 


Minis at the track 


At the test track each minivan's pros 
and cons quickly came into play. With 
a manual transmission and the high- 
est power rating to its credit, the 
Mazda MPV was first in acceleration 
testing. Its 12.1-second 0-to-60-mph 
performance easily beat the other three 
contenders. However, because we test 
manual gearboxes in top gear, the MPV 
was at a distinct disadvantage in the 
passing simulation. The automatic- 
equipped Aerostar was best at zipping 
from 30 to 50 mph; the Grand Cara- 
van excelled in 50-to-70-mph testing. 

In braking from 60 mph, the Nissan 
Axxess gave consistent short stopping 
distances. This minivan has a load- 
sensing brake-proportioning valve that 
helped resist premature rear-wheel 
lock-up. This, combined with its light 
weight, gave stopping distances ex- 
pected of a car. The heavier Ford 
Aerostar beat all comers once its 
brakes had a chance to warm up, with 
a 160-foot stop from 60 mph. The 
Mazda MPV had the longest stopping 
distances; the Grand Caravan showed 
significant brake fade after multiple 
stops. 

The Nissan Axxess broke away from 
the pack in all three handling tests. It 
developed the best road holding on the 
skid pad with a 0.72-g score, the high- 
est speed through the slalom at 43.5 
mph, and unshakable stability through 
the double-lane-change maneuver at 
57.0 mph. The Aerostar established the 
bottom end of the minivan handling 
curve. Even though it developed more 
road grip than the Grand Caravan on 
the skid pad (0.69 g versus 0.67 g), it 
wallowed and had an annoying pitch- 
ing and rocking motion. The Aerostar's 
suspension was clearly inadequately 
damped. The MPV showed some rear 
wheelspin in right turns and a ten- 
dency to hang its tail wide in left turns. 
In contrast, the front-drive Grand Car- 
avan demonstrated excessive under- 
steer in all three dynamic-handling 
tests. All things considered, the Nissan 

Continued 
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This They Do Very Well, In A Most 
Unobtrusive Way, At A Bargain Price... 
I'sHard To Imagine Going Wrong 

With Ensemble” һал 


‘Stereo Review Sept. 788 


Cambridge SoundWorks has created 
Ensemble” a speaker system that can provide 
the sound once reserved for the best speakers 
under laboratory conditions. It virtually dis- 
appears in your room. And because we 
market it directly, Ensemble costs hundreds 
less than it would in stores. 


Henry Kloss, creator of the dominant speaker models 
ofthe S EO аа '60s, , and '70s 
(Advent), brings you Ensembl L asi y new kind of 
Speaker system for the '90s, available only factory direct 
from Cambridge SoundWiork 


The best sound comes in four 
small packages. 

Ensemble consists of four speaker units. 
‘Two compact low-frequency speakers repro- 
duce the deep bass, while two small satellite 
units reproduce the rest of the music, making 
it possible to reproduce just the right amount 
of energy in each part of the musical range 
without tuming your listening room into a 
stereo showroom. 


Your listening room works. 
with Ensemble, not against it. 
No matter how well a speaker performs, 
at home the listening room takes over. If you 
put a conventional speaker where the room 
can help the low bass, it may hinder the upper 
Tanges, or vice-versa. 


What Henry Kloss tells his friends 

Every time I came out with a new speaker at 

AR, КЇН, or Advent, my friends would ask me, 

“Henry, is it worth the extra money for me to trade 

up?” And every time I would answer, “Ne 

you've already got is still good enough 
But today, with the introduction of Ensemble, 

Itell them, “Perhaps now is the time to give your old 

speakers to the children? 


Ensemble is a Trademark of Cambridge SoundWorks, Inc. 


Were Designed To 
Aid MakekScu 


Play MUSIC... 


ind Like Music. 


Youcanput Ensembles low frequency units exactly where they should go for superb bass. Youcanttdo this with conventional 


speakers because you have to be concerned about the upper frequencies coming from the same enclosures as the low ones, 


Ensemble, on the other hand, takes 
advantage of your room's acoustics. The ear 
can't tell where bass comes from, which is why 
Ensembles bass units can be tucked out of the 
way—on the floor, atop bookshelves, or under 
furniture. The satellites can be hung directly on 
the wall, or placed on windowsills or shelves. 
No bulky speakers dominate your living space, 
yet Ensemble reproduces the deep bass that 
no mini speakers can. 

Notall the differences are as 
obvious as our two subwoofers. 

Unlike seemingly similar three- 
piece systems, Ensemble uses | 
premium quality components for 
maximum power handling, indivi- 
dual crossovers that allow several 
wiring options and cabinets 


which use a single large 
Ensemble uses two separate, compact 
They fit more gracefully into your living 
environment, and help minimize the effects of the 
listening rooms standing waves. 


tuggedly constructed for proper acoustical 
performance. We even gold-plate all connectors 
to prevent corrosion. An even bigger difference 
is how we sell it... 


Thousands agree: the best 
showroomis your living room. 
We make it possible to audition Ensemble 

the right way—in your own home. In fact, 
Ensemble is sold ony by Cambridge Sound- 
Works directly from the factory. Listen for hours 
without a salesman hovering nearby. If after 
30 days you're not happy, retum Ensemble for 
a full refund. 


Atonly $499—complete with all hardware 
and 100’ of speaker cable—Ensemble is (he value 
on today’s speaker market. 
Call 1-800-AKA-HIFI* 
(1-800-252-4434) 

Our toll-free number will connect you to a 
Cambridge SoundWorks audio expert. He or she 
will answer all your questions, take your order 
and arrange surface те ма UPS. Your Cam- 
bridge SoundWorks audio expert will continue as 
your personal contact with us. We think you'll 
like this new way of doing business. 

*In Canada, call 1-800-525 
are on duty Mon.-Sat. 
6PM Eastern Time. Fax #: 617-332-9229. 


9 
CAMBRIDGE SOUNDWORKS | 


Suite 126MY , 154 Califomia St., Newton, MA 02158 


r 


O Send more information and test reports. 
| O Send Ensemble risk-free for 30 days, for $499* 
| O Send an Ensemble Gift Certificate for $499 
| Tm paying by O Check O МС O Visa O AmEx 


| 
| 
Acct, Number. Bp. | 
= | 
Name. 
| Address. | 
| City. State. Zip. | 
Phone (Area Code). Number —— 
FOR IMMEDIATE SERVICE: 1-800-AKA-HIFI. 


Delivery time usually 2-7 days (in USA) 


| We ship worldwide including APO and FPO. | 
). 
| MA residents айй 5% sales tax. *Plus freight (57-824). | 


WHEN YOU LIKE YOUR COLOGNE COMFORTABLE, AND EASY TO WEAR, 


^ Stetson Cologne & After Shave Lo! 


C COTY. NY 1982 


= 
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Space machines Continued 


Axxess wins the gold star for consis- 
tently solid road manners. 

Before setting out for our over-the- 
road evaluation, we paused to study 
the rear compartments of these space 
machines. It was clear that all can seat 
six in good comfort, although the rear 
seat on the Axxess is minuscule. The 
other minis will also carry a seventh 
passenger and luggage that the smaller 
Axxess can't handle. The wheelbase of 
the Axxess is between 8 and 16.7 inches 
shorter than the other minivans, mak- 
ing it seem Lilliputian by comparison. 

The Mazda MPV’s deviation from 
sliding side-door design convention of- 
fers many advantages: a lighter, stiffer, 
simpler body structure with cleaner 
styling and an easier door closing— 
particularly on grades. The width and 
height of the rear-door opening is about 
the same as the larger minivans, and 
it swings to nearly a right angle for 
ease of loading. The one big disadvan- 
tage occurs when exiting from the back 
seats in tight quarters—such as in a 
parking lot—but this appears to be no 
worse than the front passenger would 
encounter in a similar situation. 

In timed tests two staff members re- 
moved the middle seats from the Ford, 
Dodge, and Mazda minivans and the 
rear benches from the Ford and the 
Dodge in about one minute each. The 
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Ford’s seats are a handful for two 
grown men and left the biggest bruises. 
The Ford, Dodge, and Mazda all offer 
fold-to-bed seating, but the MPV’s 
slumber set never gets fully flat. 
After nearly 1,000 miles of accumu- 
lated over-the-road experience, the 
Mazda MPV was a strong favorite. It 
showed the most poise and polish and 
it had the most comfortable seats and 
interior accommodations of the group. 
We were also impressed by the MPV's 
quietness, its wedgelike exterior styl- 
ing, and the layout of its instrumenta- 
tion and controls. One member of the 
test team warmed up the Mazda MPV 
on a week-long tour of Southern Cali- 
fornia prior to track testing at the Po- 
mona, Calif., fairgrounds. The MPV 
easily carried his family, two dogs, and 
a vast assortment of cargo. The fact 
that this is the least expensive of the 
four vehicles makes it a top value. 
The Nissan Axxess was the second- 
most-impressive space machine, even 
though its size makes it more of a micro 
than a mini. Like the Mazda, this is a 
well-made and highly functional vehi- 
cle that bristles with technical sophis- 
tication. While it lacks the ground 
clearance necessary for aggressive off- 
roading, the Axxess would be our 
choice in bad weather. In fact, it per- 
formed flawlessly on a drive to snow- 


bound Big Bear Lake, Calif., on the 
way to the test track. The combination 
of natural versatility and sure-footed- 
ness is certainly appealing, but it's also 
reflected in the sticker: The Axxess cost 
nearly as much as the larger two-wheel- 
drive minivans from Ford and Dodge. 


Mixed bag 


The Dodge Grand Caravan presented 
a mix of good and bad traits. The four- 
speed automatic transmission was oc- 
casionally foul natured. In our 30-to- 
50-mph acceleration tests, an abrupt 
lifting of the throttle was usually fol- 
lowed by the jerk-clunk one-two punch 
of a combination up-shift and torque- 
converter lockup. And climbing moun- 
tain grades, the transmission hunted 
for a gear to stick with like a raccoon 
hound. We'd recommend waiting until 
Chrysler engineers fine tune its oper- 
ation before buying a vehicle equipped 
with an Ultradrive transmission. 
Other bad points: The front bucket 
seats were generally not supportive, 
and at times felt slipperier than 
oiled Teflon. The Grand Caravan’s in- 
terior didn't have nearly as many stor- 
age bins and map pockets as the other 
minivans, These points are particu- 
larly grating when you consider that 
this minivan cost more than $20,000. 
On the plus side, the Dodge’s front- 
wheel drive has good all-weather trac- 
tability without the expense of all- 
wheel drive. 

The Ford Aerostar has one un- 
matched strong suit—the ability of 
its cavernous cargo compartment to 
carry 4-by-8-foot sheets of plywood flat 
on the floor. Despite an amiable per- 
sonality, its high-floor design means 
that climbing up into the saddle is 
tougher than getting into any of the 
other minivans. Although our test 
Aerostar had the optional towing 
package, the suspension is compro- 
mised strongly in favor of a pleasant 
ride, which doesn't bode well for those 
who drive quickly or tote heavy loads. 
The Aerostar’s pushrod V6 engine is 
an underachiever in this day of high- 
tech overhead-cam engines with mul- 
tivalve combustion chambers. We did 
like the elastic net to restrain cargo 
in the rear and the bench seats that 
quickly convert into a double bed. 

Each of these space machines is so 
different, potential customers need to 
ponder their precise needs. Is four- 
wheel drive really necessary? Will the 
minivan be used to haul bulky cargo, 
passengers, or both? Is maximum ver- 
satility more important than driving 
comfort and satisfaction? The frank an- 
swers to these questions and due con- 
sideration of price stickers should aim 
you toward a space machine that is best 
suited to your family. 


Prop blades 
do the twist 


SOCKET-HEAD = 
CAP SCREW» 


BEARING =. 
RETAINING —— 
CAP EXPANDING СОМЕ S; 


OUTER 
RACE ASSEMBLY 


Conventional fixed-pitch boat propel- 
lers perform optimally at only one de- 
sign condition, but the blades on a new 
self-pitching prop from England angle 
automatically for maximum thrust and 
efficiency at all speeds. They also self- 
feather to cut drag. So Autoprop has 
the advantages of a controllable-pitch 
prop, but at a fraction of the cost. 

The prop’s blades twist freely on off- 
set pivots (left) so that opposing cen- 
trifugal and hydrodynamic forces set 
the proper blade angle (below). 

The blades have the same configura- 
tion astern as ahead, but face the other 
way. When motoring under sail for wind 
assistance, increased water flow past 
the prop reduces pitch, cutting the ten- 


blades in the 10- to 20-inch range. The 

props are made for inboard engines up 

to 80 horsepower. Brunton's Propellers 

dency to over- Ltd., Sudbury, Suffolk, CO10 6ST, Eng- 
Autoprop is fitted with two or three — land.— David Scott 


BLADE FEATHERED 


BLADE AHEAD 


BLADE ASTERN 


SHAFT 
ROTATES 
CLOCKWISE 


SHAFT \\ 
ROTATES \ 


Above left, prop rotation increases blade pitch (B); 
water flow decreases it (A). Center, balanced blade 
seeks line of least resistance. Right, in reverse, op- 
posing forces set pitch (C, D). 


When you install your own 
muffler. you want one that lasts. 
Thats why you should get the 
Walker Advantage muffler. It lasts 

up to 30% 
longer than 
most com- 
parable 
mufflers* Thats because the 
Walker Advantage is the only 
muffler with Absorbite. the 
patented compound that helps 
prevent internal rust. Its so good, 
we back the Walker Advantage 
with a limited lifetime warranty. 
So get the muffler with the longer 
hang time. Get the Walker 


Advantage. WALKER 
Ive LITE 


Waiter Manutacturing 


“Based on engineering estimates. 


my When your septic system backs up, it's a big mess, a big expense 
» and big trouble. But it's bound to happen sooner or later, right? Not 
f А ) necessarily. Not when you use an ounce of prevention, or to be spe- 
/ \ cific, a pound of RID-X® . It's simple. Just flush RID-X down your 
toilet once a month and stop worrying. RID-X works to prevent 
. septic system back-up. 
5|  RID-Xadds hundreds of millions of bacteria to digest up to 25 
Iæ times its weight in solid waste, to help keep your septic sys- 
n | tem running trouble-free. In fact, lab tests show that no 


other leading septic system additive is better than 
j^ d RID-X. And RID-X is superior to yeast because yeast 
contains no bacteria. 
\ RID-X is safe for plumbing, contains no harsh or 
caustic chemicals and won't harm your pipes or sep- 


tic system. 
REE: Send for this 4 : 
informative booklet, which RID-X is available wherever household 
дъ, can help you avoid 
septic system products are sold. 


failure. Send to. 


RID-X Booklet, PO. 
Box 5940-F, 

Westbury, 

New York 11592. a 


THE SAFE WAY TO A WORRY-FREE SEPTIC SYSTEM. 


RID-X* is a product of the d-CON Company, Inc. 225 Summit Avenue, Montvale, NJ 07645. 
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Tanks for the tow 
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C clang, clatter. That's an 


alarming noise when it's your 

transmission or engine. One 
phone call and a tow truck whisks 
your car to the garage. 

But who are you going to call if 
you're driving a 65-ton tank? When 
breakdowns, bad terrain, or battle 
damage put World War II or Korean 
War tanks out of commission, con- 
verted M3 or M4A3 tanks served as 
recovery vehicles. Since the 1960s 
heavier, thickly armored tanks have 
required a special recovery vehicle, the 
M88. Now the U.S. Army's 65-ton 
main battle tank, the $2-million 
Abrams М1А1, needs two M88 recov- 
ery vehicles—one in front and be- 
hind—to prevent a runaway. 

You guessed it. The Army is look- 
ing for a new extra-heavy-duty tank 
tower. And, anticipating still-heavier 
tanks, it wants a recovery vehicle that 
can tow 70 tons and be able to stop 
safely on steep grades. The new vehi- 
cle must have a 35-ton crane in addi- 
tion to its 70-ton winch. What if a 
damaged tank can't be moved from a 
battlefield? The recovery vehicle must 
carry the four-man tank crew to 
safety: That means armor that stands 
up to anti-personnel mines. 

A special power plant is also needed. 
In convoys the new tank tower must 
rumble along—in normal or hot 
climates—at 25 to 30 mph for 200 to 
300 miles, consuming JP8 or No. 2 
diesel fuel. After a side-by-side tow- 
ing competition last year, the Army 
picked the M88A1E1, an update of 
its main recovery vehicle built by 
BMY-Combat Systems of York, Pa. 
The vehicle competed against a Gen- 
eral Dynamics Corp. prototype based 
on the M1-tank chassis. According to 
BMY's product group director Dan 
Harvey, the M88A1E1 improvements 
are achieved by "increasing power by 
40 percent, installing more powerful 
winch [140,000-pound pull versus 
90,000-pound pull] and hoist [35 tons 
versus 25 tons] systems, and upgrad- 
ing armor protection." The changes, 
which include a 1,050-horsepower die- 
sel engine, boost vehicle weight by 
some 13 tons, providing traction for 
70-ton loads. With an Army con- 
tract, BMY will start deliveries early 
next year. "It's expected that some 500 
M88AQ2s [the production designation 
of the M88A1E1] will be procured over 
the next five years," notes Harvey.— 
Phil W. Johnston 


Battlefieldlike terrain tests ability of 
BMY's M88AIEI tank-recovery vehicle 
to tow an MI tank. The 139,000-pound 
MS88AIEI was selected to update Army 
tank towers. 


Learn to troubleshoot and service today’s 
computer systems as you build 


a fully XT-compatible micro, 


complete with 512K RAM ang 
powerful 20 meg hard drive 


k that 
"inteligent" k 


Train the NRI Way— 
and Earn Good Money Servicing 
Any Brand of Computer 


Jobs for computer service technicians will 
almost double in the next 10 years according 
to Department of Labor statistics, making 
computer service one of the top 10 growth 
fields in the nation. 

Now you can cash in on this exciting 
opportunity—either as a full-time industry 

ician or in a computer service business 

of your own—once you've mastered 
electronics and computers the NRI way. 

NRI's practical combination of 
“reason-why” theory and hands-on building 
skills starts you with the fundamentals of 
electronics, then guides is through more 
sophisticated circuitry all the way up to the 
latest advances in computer technology. 
You even learn to program in BASIC and 
machine language, the essential language 
for troubleshooting and repair. 


Get Real-World Skills as You Train 
With a Powerful XT-Compatible 


Micro—Now With 20 Meg Hard Drive! 


То give you hands-on training with the 
absolute in state-of-the-art computer 
technology, NRI includes the powerful new 
Packard УХ88 computer as the 
centerpiece of your training. As you 
assemble this fully IBM XT-compatible 
micro from the keyboard up, you actually 
see for yourself how every section of your 
computer works. 

You ыу and test ета computer’s 
“intelligent” 1 install 
su] and 574" disk drive, then interface the 

igh-resolution monitor. But that's not all. 

Your hands-on training continues as 
you install a powerful 20 megabyte hard 
disk drive—today’s most-wanted computer 


isk drive, 512K RAM, 16K ROM * 20 megabyte 
hard disk drive * Bundled software 
including MS-DOS, GW-BASIC, word 


schematics. 


peripheral—now included in your course to 
dramatically increase the data storage 
capacity of your computer while giving you 
li бора data access. Plus you work 
with exclusive word processing, database, 
and spreadsheet software, yours to use for 
your own professional and personal 
applications. 

As you build your computer, 
performing key ep ei red and 
experiments at each s of assembly, you 
get the confidence building, real-work 
experience you need to work with, 
troubleshoot, and service today's most 
widely used computer systems. 


No Experience Needed, NRI Builds It In 


This is the kind of рЫ hands-on 
experience that makes you uniquely 
prepared to take advantage of today’s 
opportunities in computer service. You learn 
at your own convenience in your own home. 


SE 
MI 


McGraw-Hill Continuing Education Center 
4401 Connecticut Avenue, NW, Washington, DC 20008 


Sf CHECK ONE FREE CATALOG ONLY [J Electronic Circuit Design 


progr rel 
‘manuals with programming guidelines and 


COUPON TODAY FOR 


No classroom pressures, no night school, no 
need to quit your present job until you're 
ready to make your move. And all 
throughout your traini you ve got the full 
support of your personal RI instructor and 
the NRI technical staff, always ready to 
answer your questions and help you 
whenever you need it. 


FREE 100-Page Catalog Tells More 


Send today for NRI's big, 100-page, full- 
color catalog that describes every aspect of 
NRI's innovative computer training, as well 
as hands-on training in robotics, video/audio 
servicing, electronic music technology, 
security electronics, data communications, 
and other growing high-tech career fields. If 
the coupon is missing, write to: NRI School 
of Electronics, McGraw-Hill Continuing 
Education Center, 4401 Connecticut Ave- 
nue, NW, Washington, DC 20008. 


IBM is a registered trademark of International Business 
Machines Corporation 


E NRI CATALOG 


C) Air Conditioning Heating & Refrigeration | 


C Computers & Microprocessors О Computer Programming C Small Engine Repair 

DI TV/Video/Audio Servicing C] Data Communications O Electrician 

C] Robotics O Basic Electronics C) Locksmithing 

O Electronic Music Technology О Bookkeeping and Accounting О Travel Careers 

O Security Electronics О Building Construction O Telephone Servicing 

O Digital Electronics Servicing Û Automotive Servicing О Paralegal 

Name (Please print) Age | 

Street 

City/State/Zip 101-059 
‘We'll give you tomorrow. Accredited by the National Home Study Council 


Target f 
practice > 
In this wartime | 
scenario, a U.S. 
Air Force F-22 
fighter has just 
shot down an 
enemy aircraft, 
and the pilot has 
pulled the F-22 
into a steep posi- 
tioning climb. The 
artist’s concept il- 
lustrates the capa- 
bilities of the F-22, 
Lockheed Aero- 
nautical Systems 
Co.’s candidate in 
the Air Force's 
Advanced Tacti- 
cal Fighter evalua- 
tion program. The 
aircraft is outfit- 
ted with electron- 
ic equipment that 
enables it to shoot 
down targets that 
aren't close 
enough to be seen. 
The highly maneu- 
verable F-22 is designed to sense and destroy an enemy air- 
craft before the enemy can tell he's been spotted. Lockheed 
is developing the aircraft in cooperation with Boeing Ad- 
vanced Systems Co. and the Fort Worth Division of General 
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Record-breaking roller coaster А 


Steel columns rise 201 feet forming the first hill of what will 
be the world’s tallest and fastest roller coaster. Plunging 


down a 60-degree slope, trains riding the red rails will hit 
speeds over 70 mph. Called the Magnum XL-200, the coaster 
debuts this month at the Cedar Point amusement park in 

Sandusky, Ohio. Arrow Dynamics of Clearfield, Utah, 


is the roller coaster’s manufacturer. 


Snow smoother A 


This utility vehicle on rubber tracks is 
used to groom Minnesota’s North Shore 
State Trail, which took a beating dur- 
ingthe Jeep 500 snowmobile race a few 
months ago. The driver uses an ordi- 
nary steering wheel to operate the 
Track Truck: Turning the wheel makes 
the outside track move faster than the 
inside one, but both tracks receive 
power. Equipped with wheels instead 
of skis, the truck works in mud and 
sand, servicing power and phone lines 
and performing rescue operations. Base 
price: about $23,000. ASV, Box 218, 
Marcell, Minn. 56657. 
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Dynamics. 


Folding 
grapple hook A 


Grapple hooks are useful in rescue, re- 
covery, and salvage operations, but con- 
ventional models aren't made for back- 
packing—they're bulky and potentially 
dangerous. Now there's a sturdy grap- 
ple hook that you can safely carry into 
remote areas. On site, you unfold Stow- 
safe's tines and rotate a spool to lock 
them in place. The $99 foot-long steel 
hook is black zinc plated to government 
specifications and weighs 3'2 pounds. 
Wildwood Enterprises, Box 60, Sand- 
point, Idaho 83864. 


Photo opportunities A 


The short wingspan and unusual configuration of the Eagle 
X-TS enhance handling during low-speed flight, boosting 
the aircraft’s aerial survey, reconnaissance, and photo- 
graphic capabilities. The two-seater is virtually impossi- 
ble to spin and difficult to stall, says the maker. The plane 
has three lift surfaces: a main wing located high on the 
fuselage, a low forward canard, and a tail wing in place of 
the usual stabilizer. Eagle Aircraft Australia, Box 586, 
Fremantle, Western Australia 6160. 


Colorful cords A 


Poly-cord tie-downs are stronger than rubber, claims 
Polyflex, the company that worked with Uniroyal Chemical 
to develop the blend of elastomers used to make the cords. 
Polyflex says the cords will stretch up to three times their 
length without breaking, and they are guaranteed to return 
to their original size. The cords have molded-in hooks made 
| from nylon and fiberglass, so they don’t leave any scratches. 
The cords are available in 12-, 18-, and 24-inch lengths, re- 
tailing from $1.59 to $2.99. Polyflex, 600 Guy Paine Rd., Bldg. 
102, Macon, Ga. 31206. 


| ‘Blade workout А 


Many oxen v Ina supersonic wind tunnel at NASA's Lewis 
This easy-to-operate tractor has no clutch, gearbox, Research Center, engineers use a laser to 
or brake. Instead its 40-kilowatt diesel engine pumps measure the “hot-shape”—the deflection 

oil to motors in the rear wheels, and the pressureis at cruise speed—of blades on a 
used to stop the tractor or move it forward at speeds ^ counterrotating propeller model. 
up to 15 mph. Developed in Swaziland, it's called — They'll use the data to design 

the Tinkabi (the Swazi word for “many oxen”). A smaller-diameter propellers 
British engineer is testing a prototype at Writtle Col- with higher loadings. 
lege in England. A kit version of the low-cost trac- 

tor may be produced for developing countries. 


44 Cushions 
for crutches 


Long-term use of crutches 
can destroy shoulder joints, 
and the hard rubber tips on 
ordinary crutches don't offer 
much protection. That's why a 
man who has used crutches for 
more than 35 years developed a 
shock-absorbing crutch tip. It con- 
tains a steel disc that spreads the 
load over a puck-shaped core made 
of a polymer called Absorbathane. 
The inventor claims the $25-a- 
pair tips grip better and last 
longer because the soft midriff al- 
lows the tip to twist and bend, 
eliminating any grinding action. 
Performance Crutch Tips, Box 
12957, Philadelphia, Pa. 19108. 
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Smokeless grill A 
Ah, the smell of a barbecue! 
But according to the Amer- 
ican Institute for Cancer 
Research, the smoke from 
a grill, created when meat 
juices drip on hot coals, 
has a negative side: It can 
leave carcinogens on your 
food. The Swedish Vertikal 
Grill solves that problem, 
says Hermelin, Inc. (2350 W. 
Fifth St., Santa Ana, Calif. 
92703). Food is cooked on 
either side of the vertical 
charcoal firebox; juices col- 
lect harmlessly in the cool 
drip pan. Price: $59. 


Trouble-free traverse rod A 

А continuous-curtain treatment for bay windows is 
easy with Flex Rod from Graber Industries (Middle- 
ton, Wis. 53562). After measuring the window, you 
cut the rod and bend it to fit. The 12-foot aluminum 
rod can be bent to a radius as small as 12 inches. $75. 


] < Water treater 


< Exterior oil-acrylic stain 

Oil stains generally excel in penetrating 
wood, making color easy to control. Acryl- 
ics excel in protecting wood. Now Thomp- 
son's Exterior Stain has combined those 
two technologies in one three-molecular- 
part formula: acrylic-water molecules that 
are suspended in oil. Also blended into the 
stain: Water Seal Waterproofer. Thomp- 
son's, Box 667, Olive Branch, Miss. 38954. 
Price: $15 per gallon. 
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An Austrian electrostatic wa- 
ter-treatment system called 
Aquatron is said to clear lime 
scale and rust deposits by ex- 
posing water to a powerful 
electric field created by 3,600 
volts DC. This dislodges the 
calcite crystal deposits that 
form lime scale and converts 
them into powdery aragonite 
crystals, which are said to re- 
main in suspension and be 
washed away. Iron oxide is 
neutralized too, preventing 
rust stains. The process is said 
to clear scale deposits in a 
few months. Maitron GmbH, 
Etrichgasse 34, 6020 Inns- 
bruck, Austria. 


Eversafe. 


The gifts that show p 
you really care. 
as 


Child Locator & Smoke Detect 


rotect the people you love > Eversafe™ line offers 11 different products for 
Eveready® dependability in lighting, fire and personal protection 


Like a Child Locator and Smoke Detector with a flashing red light to help guide 


gl ivated Timer 
zs iaa ty A atte Power Failure Light 
firemen to your child's room Anvwbcred 
A Personal Alarm that helps scare off attackers with a piercing siren heard up to a Light Activa 
quarter mile away. FIRE PROTECTION 
A Power Failure Light that goes on, instantly, automatically, when the power Fire Extinguisher | 
hild Locator & Smoke Detector 

Pass]? к Child Locator & Smoke Detect 
E Mt Smoke Detector 
The Light Activated Socket that automatically turns lights on at sunset and off at ` PERSONAL PROTECTION . 
sunrise, indoors or out! Personal lente 

EVER Find them at the Eversafe™ Center in fine stores near гоп E " 

you* Peace of mind from a name you can trust. йй: >... 


и yl Digger *(Not available in all areas.) 


1989, Eveready Battery Company. Inc. 


BY V. ELAINE GILMORE 


Drill instructor > 

This pivoting spirit level guides your 
vertical, horizontal—and angled— 
drilling. It fits most drills, attaching 
with an adjustable clamp. Drill Rite is 
$12 from H & S Research and Develop- 
ment Corp., 12 Willow St., Bloomfield, 
N.J. 07003. 


Metal, but not heavy > 


Skil Corp.'s new cordless electric socket 
wrench boasts an all-metal housing 
(aluminum), yet weighs less than two 
pounds. The %-inch-drive wrench has 
a no-load speed of 120 rpm (forward and 
reverse) and can withstand manual 
torque of more than 150 pound-feet, 
says the company. Its 3.6-volt battery 
recharges in three hours. The list price 
of the wrench, battery, and wall-hung 
charging stand is $63. 


You can score and snap these plastic 
dividers anywhere along their length 
to customize a drawer. Self-adhesive 
holders secure the strips to each other 
and to drawer sides. А package of four 
two-inch by two-foot strips plus 16 
holders sells for less than $10. From 
Lifestyle Systems, Box 5031, Hunting- 
ton Beach, Calif. 92615. 
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Portable angler V 


Your circular saw can double as a pow- 
er miter saw when you hitch it to the 
M.A.C. (Multi-Angle Cutting) Board, 
which handles wood up to two inches 
thick. Canadian-made, the polystyrene 
board is imported by Export Hamel In- 
ternational, 103 Farmington Blvd., 
Hampton, Va. 23666. Retail price: $49. 


< Post doctor 


Plumb Master is made for setting posts 
and poles. You place the cast-plastic 
housing against the post, then wrap the 
spring-loaded chain around it, slipping 
the chain into its retaining slot to hold 
the tool to the post. To get your post 
perfectly plumb you just center the bub- 
ble in the bull’s-eye level. The tool is $9 
from Plumb Master, Box 313, Charles- 
town, Ind. 47111. 


< Tools for tight spots 


If you often work in nearly inaccessi- 
ble places (such as under the hood of a 
car, where too much stuff is packed 
into too little space), some drill acces- 
sories developed for the aircraft indus- 
try could help. In use here is a right- 
angle attachment; on the air-filter cover 
is a six-inch extension. Both come in the 
Tight Fit Drill Kit along with six air- 
craft-quality drill bits with threaded 
shafts, plus an adapter to let you use 
these in a standard drill chuck. Omni 
Manufacturing. Co., 12961 Sunnyside 
Pl., Santa Fe Springs, Calif. 90670; $40. 


Topaz couples the precision 
MERCURY TOPAZ, 2222 COUP es 20 precis 


of rack-and-pinion steering 
with the traction of front-wheel drive —a combination 
that enhances control and is comforting when roads 
are slick. And if you encounter those kinds of roads 
frequently, Topaz offers the added traction of optional 
all-wheel drive. Mercury Topaz. To make you feel 
better about driving when the weather's trying to 
ruin your day. Experience the comfort and control of 


a Mercury Topaz at your Lincoln-Mercury dealer today. 
For more Topaz information, call 1-800-822-9292. 


LI | LINCOLN | 


LINCOLN-MERCURY DIVISION С) Buckle up—together we can save lives. Quality i is Job 1. 


Biggest LCD A 


It's the largest liquid-crystal-display TV 
made: Sharp's 14-inch color monitor is 
one inch thick and stands on a desk or 
hangs on a wall like a painting. Don't 
look for it in stores yet: It's a prototype 
and not available for sale. 
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Nice wrapper A 
What do you do with a $10,000 custom auto 
entertainment system that includes an in- 
dash TV and video-monitoring system, 
VCR, and complete 2,440-watt audio sys- 
tem? If you're Pioneer, you wrap it in a 
$295,000 specially built Porsche Gemballa 
sports car. It's become a dazzling audio 
showroom on wheels. 


Go-anywhere phone > 
Put Southwestern Bell Tel- 
ecom's FW 2000 phone 
anywhere—it's completely 
wireless. Like other cordless 
phones, the FW 2000 commu- 
nicates with the phone line 
via a remote base station. 
But unlike the others, it's 
powered for six months on 
three C cells. No recharging 
is needed. Price: $120. 


6 «Disc camera 


Click? More like clack. Pictures are 
snapped electronically on Sony's Con- 
sumer Mavica, and up to 50 frames are 
saved on a two-inch removable magnetic 
disc. The camera is $650; a disc player, 
$250, lets you see the pictures on your TV. 


< No-touch joy stick 


You're ready. You swing. 
The champ is down... and 
you didn't lay a glove on 
him. But with e, а 
non-contact joy 
the whole id. ensors in 
the system detect your 
hand movements and rel 

them to any game pla 
on the Nintendo console. 
From Broderbund Soft- 


ick, that's 


Too loud to bear A 


He's barely noticed, but he can catch a 
car thief bare-handed. Open a door, and 
Security Bear senses a change of air 
pressure and sounds its 110-decibel 
alarm. How loud is that? Unbearable. 
From Rabbit Systems, it's $80. 


Movie maker > 


RCA's full-size VHS takes single-frame pictures to 
create special effects like animation. An SLP speed 
mode lets you record for up to eight hours on one 
cassette. The CC320 is $1,499. 


All in the wrist A 


Attached to a Nintendo 
video-game console, Mat- 
tel's Power Glove uses 
your hand to replace the 
joy stick. In racing games 
you make a fist to grab the 
steering wheel and move 
your arm to steer. Buttons 
on the glove let you custom- 
ize all hand movements. It 
will be available in the fall. 


ware (17 Paul Dı 
f. 94903), 


Spell and speak A 
Enter a word (or part of a 
word) on Franklin Comput- 
er's Language Master 4000. 
The 83,000-word electronic 
dictionary checks the spell- 
ing, displays the definition 
and synonyms, and pro- 
nounces the word using its 
speech synth: $400. 
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What’s New 
CARS 


Extra-view mirror A 

The steeply curved convex inset in the 
| lower left corner of this side-view mir- 

ror gives a five-times greater field of 
view so close-in cars can be easily seen. 
Made by Mill Accessory Group, Bed- 
fordshire, England, the mirrors are 
sold in two-packs. 


Fast tire > 


The ultra-low-profile Pirelli P700-Z 
high-performance tires are Z- 
rated and can be driven at 
speeds above 150 mph. 
However, only two sizes 

are available in V- 
rating (up to 150 
mph). The tire's sin- 
gle-ply rayon con- 
struction is light- 
weight, but gives a 
smooth ride. High 
bead stiffness aids in 
cornering, and wide 
central tread grooves 
enhance wet grip. 


РЕШ P700-Z 


1. RAYON CARCASS 
2. WOVEN RAYON 
3. STEEL NYLON OR ARAMID FIBER 
4. STEEL CORD BELTS 

5. NYLON BELTS 


Stick cleaner > 

k cleaner takes 
d-to-remove bug 
and tar spots and leaves 
carnauba-wax protection, 
according to the maker, 
From New Concepts Inc. 
(Box 1481, 


< Mini-truck cap 


Top-Slider’s three-piece polyurethane truck cap 
telescopes to cover the bed and protect contents, 
or can slide forward to accommodate taller 
cargo. Cost is between $500 and $600, depend- 
ing on size. MarMor Specialties, 27733 Groes- 
beck Hwy., Roseville, Mich. 48066. 


Protection under the sun > 


The Evolution 3 car cover is made of 
three layers to protect against the ele- 
ments and pamper your car’s finish. The 
nonwoven fabric affords more protec- 
tion than cotton-polyester, nylon, or plas- 
tic covers, says Kimberly-Clark Corp. 
The price ranges from $115 to $150. 
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Magazines make things happen. 


sexi, uaudois ќо paudrasioxoug 


BY TIMOTHY 0. BAKKE ш 


Yard tools go cordless A 


A trio of tools from Sears has dispensed with confin- 
ing cord: d the tools a shoulder-held bat- 
tery that i 1 to recharge in 16 hours and last for 
400 cycles. The battery co: The 16-inch Bush- 
wacker hedge trimmer (left, $55) weighs less than six 
pounds, runs for 45 minutes on a charge, and cuts 
branches up to % inch thick. The Air Broom (above, 
$40) delivers 75 cubic feet of air per minute at 55 mph, 
weighs 2 pounds, and also runs for 45 minutes. The 
Weedwacker string trimmer (not shown, $55) cuts a 
nine-inch swath and runs for half an hour. 


И 4 Edge-wood 

$ Nowyoucan easily cre- 
ate wooden borders, 
garden terraces, and 
planters with precut 
pressure-treated Wood- 
Scapes kits from Wey- 
erhaeuser (Tacoma, 
Wash. 98477). Kits in- 
clude 12 linear feet of 
rounded 4х4 sections, 
which come 7%, 15, or 
22% inches long, and 
plastic stakes with 
wood caps. Price: $20. 


<< Mower power 
Said to be 50 percent 
quieter than other 
lawn-mower engines 
in its class, the Quan- " 
tum 113.5-horsepower Four-wheel steering A 
four-cycle from Briggs Kubota’s G-Series garden tractors combine 
& Stratton also has a high power and serpentine maneuverabil- 
high-capacity pleated- ity by adding four-wheel steering. The 16- 
paper air filter, extra- and 18-horsepower tractors have liquid- 
large muffler, Easy cooled diesel engines; the 21-hp has a 
Spin automatic com- liquid-cooled gas engine. All have shaft- 
pression release for driven mowers (48, 54, 60 inches) and leave 
easier starting, and an an uncut circle of just 1.6 feet. Prices: 
above-deck oil filler from $5,990 to $7,290. 

and drain cock for eas- 

ier maintenance. 
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Statistics say this year опе 
in every four homes will be burglarized. 
Tonight, go out your front door and 
look to your left. 
Count down three houses. 


It should take you only a little 
over an hour on a Saturday 
morning to install the Schlage 
Keepsafer™ After all, it's wireless 
So you'll find а screwdriver's all 
that's needed to securely alarm 
doors and windows. Yet Keep- 
safer is so effective, experts 
claim it's every bit as good as 


Partol worldwie Ingersol- Rand 


professionally installed systems. 
Ata starting price that's much 
more reasonable. $199. Youcan 
even add on an emergency dialer. 

A do-it-yourself security 
system has never been this 
good. Or this easy. One hour. 
Think about it. 

Look for the Schlage Keep- 


safer at home centers, hard- 
ware stores and locksmiths.Or 
if you'd like more information, 
we're at 1-800-84-ALERT. 


Schlage. 


KEEPSAFER. 
SECURITY SYSTEM 


Wordless Workshop 


By ROY DOTY 


$50 to Charles В. Hanson of Burlington, lowa, for this idea. Send yours 
(with Social Security No.) to Wordless, POPULAR SCIENCE, 2 Park Ave., New 


York, М.Ү. 10016. Only purchased ideas can be acknowledged. 
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The challenge was to create a new car 
worthy of wearing the Thunderbird wings. The 
result is the most aerodynamic Thunderbird ever. 
And a car with performance to match its looks. 

A responsive 3.8 liter V-6 engine with 
sequential electronic fuel-injection is standard. 
So is an independent rear suspension. And 
there's even the option of four-wheel-disc 
anti-lock brakes. 

Inside, Thunderbird achieves a new level of 
comfort and convenience with increased room 
for five adults and a long list of standard features, 
including air conditioning, power windows and 
an electronic AM/FM stereo. 

ка adds up to an automobile that’s impressive 


even by Thunderbird standards. The 1989 
Ford Thunderbird. 
Transferable 6-Year/60,000-Mile 
Powertrain Warranty. 

Covers you and future owners, with no trans- 
fer cost, on major powertrain components for 6 
years/60,000 miles. Restrictions and deductible 
apply. Ask to see this limited warranty at your 
Ford Dealer. 


New Ford 
Thunderbird 


There’s never been a car like Thunderbird. 
And there's never been a Thunderbird like this. 


Buckle up—together we can save lives. 


Have you driven a Ford...lately? С) 


©1988 American Gas Association 
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Pendolino! 


While Fiat is best known for making 
autos, it has a finger in other indus- 
trial pies. One of those is railroads. 
Pendolino, Italian for pendulum, is 
Fiat’s new 155-mph train just start- 
ing regular passenger service between 
Rome and Milan. The ETR 450 Pen- 
dolino covers the 375 miles with stops 
in Bologna and Florence in just four 
and a half hours. Bavarian railways 
in Germany has ordered 10 trains. 

Benefiting by advances in microe- 
lectronics, Fiat developed a simple con- 
trol arrangement that countered cen- 
trifugal force by leaning Pendolino 
into turns. 

Each car rolls on two twin-axle mo- 
tor-driven bogies. The body is sup- 
ported on a coil-sprung frame by a pair 
of vertical hydraulic cylinders taking 
part of the weight. On straight sec- 
tions of track the body is locked up- 
right, but on curves it’s tilted inward 
by the cylinders. 

Tests showed that it was essential 
for ride comfort to start the tilt just 
before the train enters a curve. When 
leaving a bend, the body must return 
promptly to the vertical position. The 


Top, Pendolino hits 155 mph on its ex- 
press run between Rome and Milan. 
Each compartment seats 46 passengers. 
Facilities include a cafeteria, bar, and 
telephone booths. Above, a coil-sprung 
rail car swivels on a base pivot and is 
tilted on curves by a pair of upright 
hydraulic cylinders extending to an- 
chor points high in the body. 


timing of these movements is con- 
trolled by on-board electronics. The 
leading car carries a gyroscope, speed- 
ometer, and accelerometer that re- 
spond to the characteristics of a curve. 
An integrated command signal from 
these sensors passes down the train 
line to individual control modules on 
each car. The modules instruct each 
car's tilt cylinders. Commands are 
phased according to the time it takes 
each car to reach the curve. 

The Pendolino is unique in having 
a powered tilt system, unlike the pas- 
sive action of some earlier Japanese 
and Spanish leaning trains. Next for 
Fiat is to match the 185-mph speed 
of the non-tilting French TGV [“160- 
Mph Train," May '81] with a next- 
generation super-tilter.—David Scott 


Radon Monitoring 


Survivor 2...short and long term protection for your home. 


TN 


———— 
SURVIVOR & | 
Nee meres 


> 
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RADON is the radioactive decay 
product from uranium and radium. 

e According to EPA estimates, 
radon causes between 5,000 
and 20,000 lung-cancer deaths 
ayear. 

* Of the more than 15,000 homes 
tested by the EPA in the last two 
years, about one fifth had levels 
above 4 picocuries per liter. 

* The EPA estimates unsafe levels 
of radon gas are in as many as 
8 million homes in the United 
States. 


With statistics like these, don't you 
want to protect your home from 

the dangers of radon gas? 

Radon is odorless and colorless, 

It varies from season to season. It 
varies from neighborhood to neigh- 
borhood. It can even vary from 
your home to the home next door. 


Why Continuous 
Monitoring? 


It is estimated that the average 
radon level changes as much as 


60% from season to season, while 
asimple change in the barometric 
pressure can change the level of 
concentration to at least five times 
the average level. 


Now you can have CONTINUOUS 
monitoring of your environment for 
day to day changes in radon levels. 
SURVIVOR 2 will give you a continu- 
ous instant LCD readout of the level 
of radon in the last 12 hour period. 
orthe last 365 days. Long term moni- 
toring of your environment with 
SURVIVOR 2 will give you the aver- 
age level of radon. The typical 
charcoal canister will only give the 
highs and lows from a one or two 
week period. 


Simple to Operate 


SURVIVOR 2, with its micropro- 
cessor controlled features, is simple 
to operate. In the 12 hour mode, 

a bi-color LED gives you a green 
light if the average radon level 

is below four picocuries per liter 
(which is the level recommended 


© 1989 Threshold Technical Products 


by the EPA), or it automatically 
changes to red when the level is 
equal to or exceeds that EPA 
recommended level of four pico- 
curies. By using the MODE switch, 
SURVIVOR 2 will display the aver- 
age level of radon in the last 12 
hours, or it will display the average 
level for the last year. 


Satisfaction Guaranteed 


Try some peace of mind at no risk. If 
you are not completely satisfied, re- 
turn it within 30 days for a complete 
refund. Of course, SURVIVOR 2 is 
backed by a one year limited 
warranty on both parts and labor. 


How to Order 


By Phone: Call us toll free. A 
member of our sales staff will be 
glad to answer any questions and 
take your order, (Please have your 
VISA OR MASTERCARD available 
when you call.) 


Call Toll Free 800-458-4931 


By Mail: Send your name and com- 
plete address, daytime phone num- 
ber, and how many SURVIVOR 2s 
you wish to order. Please enclose 

a check, money order, or card 
number and expiration date from 
your VISA or MASTERCARD. 


SURVIVOR 2 $335.00 


(Effective April 15, 1989) 
(Ohio residents add 54% sales tax) 


— — iissssss 
Charter Member of American Radon Association, Inc. • Radon • Radon « Radon « Radon • Radon « Radon « Radon «Radon «Radon 


Threshold Technical Products 
Department 710 

11325 Reed Hartman Highway 
Cincinnati, Ohio 45241 
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RECOIL SPRING 
BARREL 


Electronic 
pistol 


CHAMBER- 2 D 


Ы 


EJECTION 
PORT 


Battery and circuits 
in the handle of the 
Colt electronic tar- 
get pistol trip a fir- 
ing-pin solenoid. 


FRONT TRIGGER BAR 
TRIGGER-BAR SLIDING LINK 


Firearms can mimic modern cameras, 
with electronics replacing mechanical 
innards. That’s Colt Industries’ view, 
judging by its patent application for a 
new target pistol. The New York-based 
firm cites safety and user-friendly fea- 
tures as key advantages for electron- 
ics: Light-emitting diodes (LEDs) glow 
when the chamber is loaded, a battery 
is low, or other faults prevent firing. 
Because firing remains a mechanical 
operation, a safety catch still overrides 
all electronics. 

Here’s how the pistol works. The 


firing pin is tripped by a battery- 
powered solenoid via the rear 
section of a two-piece trigger bar. 
This rear section is loosely connected 
by a sliding link to the front part, 
which follows trigger movement. When 
you squeeze the trigger a tiny magnet 
passes over a magnetically sensitive 
switch. That activates a control circuit 
located next to the magazine clip in 
the pistol grip, which actuates the so- 
lenoid and fires the gun. 

After the spent shell is ejected, a sen- 
sor in the barrel opening tells the 
control circuit another round is in 
place. That energizes a “chamber 
loaded” LED behind the rear sight. The 
second LED, just above the grip, is 
primarily a low-voltage indicator. It 
flashes in case an electronic failure in 
the circuits prevents the solenoid from 
being actuated. 

The idea of electrically operated 
handguns dates back more than a cen- 
tury, although none has been very 
successful. Even recent all-electronic 
versions have failed for lack of simple 
and reliable safety provisions, poor 
battery life, or suitable warning in- 
dicators. But now Colt is relying on a 
blend of traditional mechanics as well 
as electronics.—David Scott 
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All-Around Enjoyment 
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“Say, Smokey—" 


Aclinic on cars by Smokey Yunick, America’s most famous mechanic 


Racing Century 


Ihave a 1988 Buick Century powered 
by a 3.8-liter V6 with fuel injection. 
When I start the car with the engine 
cold, it immediately begins to race at 
about 1,500 rpm. If I proceed to put 
the car into gear before the idle drops, 
it takes off at 25 to 35 mph. Is this 
normal? 

Leonard Cook, Goleta, Calif. 


It's normal for your model. However, 
some cars race much worse than oth- 
ers, and it seems to change over time. 
This problem is a function of what the 
various temperature sensors tell the 
engine-control computer. A sharp tech- 
nician can get it under control if given 
a free hand. 


Normal noise ? 


Ihave a 1988 Oldsmobile Cutlass Wag- 
on with a 2.5-liter four-cylinder engine 
that has a noisy timing gear. My deal- 
er’s shop foreman checked it twice and 
he told me the engine is just noisy. 
With 21,000 miles of service, the en- 
gine is noisier now than when it was 
new. 

K. L. Peterson, Willmar, Minn. 


The 2.5-liter four-cylinder engine is 
noisy because of a phenolic timing gear 
with a steel hub. You can change the 
timing gear, but this may not help. The 
engine noise is also more noticeable in 
certain vehicles. That's one reason this 
engine is scheduled for extinction soon. 


Hot under the sensor 


I have a problem with the digital in- 
strument panel on my 1982 Toyota 
Supra. The water-temperature gauge 
runs one bar above normal when I turn 
on the air conditioner or the lights. 
When I turn them off, the gauge re- 
turns to normal. I have replaced the 
thermostat, radiator cap, cooling fan 
clutch, temperature sensor, condenser 
fan motor, and the water pump. I have 
also chemically cleaned the radiator 
and changed the coolant, all to no avail. 

Edward Royle, Garden Grove, Calif. 


First install a temporary direct read- 
ing mechanical gauge to find out the 
true water temperature. This will tell 
you whether your problem is with the 
electrical gauge or the engine. If you 


have an engine problem, don't depend 
on chemical relief. All electrical circuits 
require a good ground, and oxidized, 
loose, or poor connections are the major 
causes of electrical problems. 


High-altitude blues 


I have a 1984 Chevrolet S-10 Blazer 
with a 2.8-liter V6 and an automatic 
transmission. In Hawaii, the Blazer 
bogs down when I go from sea level to 
the summit of Mauna Kea at 13,500 
feet in about an hour's drive. What 
should I look for in my next car so I 
don't have this problem again? 

Bob Cooper, Hilo, Hawaii 


The only bulletproof solution is to test- 
drive a vehicle under your normal driv- 
ing conditions. Even if you have to rent 
a car, do it. Look for a vehicle equipped 
specifically with a high-altitude option 
package. 


Oil's well that ends well 


The new low-viscosity oils—the syn- 
thetics in particular—are claimed to 
have superior protection in hot and cold 
conditions. However, when I asked my 
local service-station attendant if I 
should use a synthetic oil in my car, 
he told me I should stay with the 
10W-30 or 10W-40 oil. I want superior 
protection for my car's engine. 

Chris Fray, New Castle, Pa. 


You've got to be careful making a major 
chemical change in lubricating oil. 
When the engine has lots of miles on it, 
there is a lot of dirt contamination and 
sludge that has built up over time and 
is held in place. There's a chance that 
using a new kind of oil may slowly 
purge the mess and put it into oil cir- 
culation. This may cause bearings and 
lifter problems or could end up plug- 
ging an oil passage. Also, clearances 
in older engines could cause a drop in 
oil pressure. If you overhaul the engine, 
break it in with a mineral oil and then 
switch to a synthetic. You'll gain in 
lower operating costs. 


Escort miss 


A couple of months ago the engine on 
my Ford Escort (1.9-liter four-cylinder 
with automatic transmission) devel- 
oped a random miss at idle speed when 
the transmission is in drive. The en- 

Continued 


At Armstrong, we've been 
building toughness into our 
tires for over 75 years. 

Like our Five Star premium 
radial. With a road gripping 
all-season tread, an aramid- 
over-steel Durafold ™ belting 
system and our best 50,000 
mile limited warranty.* 

See your local Armstrong 
dealer today for the tires built 
tough as a rhino. 


* For complete details contact your 
Armstrong dealer. 
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gine does not miss if the car is in park 
or neutral, and I haven't noticed the 
miss when driving. The Ford dealer did 
an electronic check with the following 
results: timing: 10 degrees BTDC; idle: 
750 rpm in drive; vacuum: 19 inches 
at idle; no bad wires, vacuum leaks, 
or loose timing belt. The service man- 
ager said he was unable to find the 
source of the problem and suggested I 
use premium gas. I tried that, but the 
problem still exists. 

Christ Hazeloop, Manchester, Mo. 


Assuming the ignition system is OK, 
you should look for a fuel-air mixture 
that is too rich or too lean when the 
throttle plate is nearly closed. A good 
start is to disconnect spark-plug wires 
one at a time while the engine is idling 
to identify the cylinder that is giving 
you trouble. Put a timing light on the 
engine, and watch for an irregular 
firing pattern. Check each spark plug 
for a problem: Even new plugs can be 
bad. You could also have a vacuum leak 
in the intake manifold from a bad cast- 


Why build your 


own Classic Roadster? 


Because it’s a fun and rewarding project. Thousands of 


people, like you, have built and are now dri 
their own Classic Roadster. Our kits are engi- 
neered for easy assembly and years of dur- 

ability. And our quality 1s guaranteed. If you 


prefer, we will custom build a roadster for you. 


Now equipped with V-8 power! 


"Whether you're looking for a factory built, turn-key roadster 


ass kit, Classic 


or want to build your own from a first 


ng 


The Sebring. 
Austin-Healey reproduction 


Roadsters is the way to go.” The Editors, Kit Car World 
Also available: Jaguar, MG, and 4 passenger Mercedes reproductions. 
Call today for videotape and free brochure information! 


1-800-444-4446 


For International Export Call (701) 293-8866 


2822 
| Please send me the following information: 
| 2 Easy To-Assemble Kit 

1 Custom Built Roadster 
| A) — FREE Color Brochure, parts & 


Name 
Phone (day) ( 
Phone (eve) ( 


Ext. 
2822 


) 


options info, and Corporate Report Address 
| В) — ($5.00) 16 pg. Product Catalogue, City State 

plus 24 pgs. of company, component O VISA C MasterCard 

& pricing info pie ey 
| C) — ($15.00) VHS Videotape (corporate on must be complete to process. 


& model profile) plus В” literature 
pkg. 


Also Available 
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Classic Roadsters, Ltd. 
1617 Main Ave., Fargo, ND 58103 
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ing, but 19 inches of vacuum is not too 
bad. 


Brake squeal 


I have a 1988 Chevrolet Celebrity 
whose brakes have been squealing for 
the last 1,000 miles. The dealer says 
the squeal is caused by the brake-pad 
material and nothing can be done. Do 
you have a suggestion? 
K. W. Schaefer 
Tulsa, Okla. 


The only easy fix is to have the lining 
and braking surfaces glass peened. 
Road dirt can become embedded in the 
linings along with a hard glaze created 
by heat from heavy braking. Both cause 
a squealing noise. Peening will give you 
fresh surfaces to work with. 


Squeaking motor home 


Ihave a Dolphin mini-home on a 1987 
Toyota-truck chassis. Since it was new, 
the rear leaf springs have squeaked. I 
sprayed WD-40 on the leaf springs, 
tried using a rubber lubricant on the 
bushings, and then tried 20W-50 motor 
oil, but nothing seems to help. 

Ed Pampy, Hemet, Calif. 


Have the springs taken off the frame 
and get them arched by a spring maker. 
In all leaf-spring suspensions the load. 
must be spread evenly. The noise is 
probably coming from the leaf springs" 
change of length during compression 
and rebound. If that doesn't work, try 
using a dry lube or plastic inserts. 


The heat is off 


Help! I have a 1977 Ford Club Wagon 
with a 460-cubic-inch V8 with only 
30,000 miles on it, and the heater 
doesn't work. The air conditioning and 
fan work fine and the antifreeze looks 
normal, but I don't get any heat. Where 
do I start to fix this? 
E. W. Kutch 
Seattle, Wash. 


You have probably lost water circula- 
tion through the core. It could be a 
plugged heater core, defective heater 
controls, or a problem with a hose into 
or out of the core. Check to see that the 
heater core is the same temperature as 
the engine coolant. This will tell you if 
coolant is flowing through the core. 


Got a car problem? Send it to “Say, Smokey—," POPULAR 
Science, 2 Park Ave., New York, N.Y. 10016. All letters are 
read, and those of widest interest are answered in this col- 
umn. Due to the large volume of mail, Smokey cannot reply 


to letters not selected for publication. 
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st beat те. Pedaling furi- 
EE near the finish, I feel the glow of 
conquest as I sprint past the “ 
and see him reappear in the “ге; 
mirror" in the corner of the sc: 


the point of this clever stationa 
trainer. It overcomes the indoor cy 


As you pedal, the CompuTrainer 
system creates a video display show- 
ing current and average speeds, dis- 
tance traveled, and how close in front 
or behind the pacer is. I find that 
watching all the numbers keeps my 
mind sufficiently occupied to make 
40-minute workouts seem much 
shorter. The pacer's speed can be ad- 
justed to near your own, and you can 
even store your last race and compete 
against yourselfthe next time around. 

The system's biggest component is 
a rugged stand that supports your bi- 


cycle, minus its front wheel. The bike's 
rear wheel sits on a roller connected 
to an electromagnetic load simulator 
(above) that varies pedaling resis- 
tance according to race programs in 
thehandlebar-mounted computer. The 
CompuTrainer system, with software, 
sells for $749. To complete the setup, 
you provide a bicycle, television set, 
and Commodore 64/128 or IBM PC- 
compatible computer. Maker: Racer- 
Mate, 3016 N.E. Blakeley St., Seattle, 
Wash. 98105. —Stuart F Brown 


warranty.* 


See your local Armstrong 
dealer today for the tires built 
tough as a rhino. 

* For complete details contact your 


Armstrong dealer. 


Whether driving on or off the 
road, you want tires that can 
really take the punishment. 
Like our Norseman All 
Season. With a road gripping 
tread, a patented Tredloce 
belting system of woven 
aramid, and a 40,000 mile 
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Electronics 
on the level 


By R. J. DeCRISTOFORO 


he venerable I-beam spirit level that’s been 
with me through countless construction 
projects now will be exhibited in my tool 
museum, together with things like my bat- 
tered plane. Its retirement grew out of my 
recent trials of two electronic levels: the 


М 


SmartLevel and the Anglesensor. : 


These are not just | 


degrees, left and right. 

modern methods of solving: 

everyone encounters when 

And their displays do aw: 

often needed when sighting a b е 

Beyond that, though, the Anglesensor and the 
SmartLevel are very different instruments. 


Starting from scratch 


Andrew Butler, inventor of the SmartLevel, is an 
engineer from Palo Alto, Calif., who was once a pro- 
fessional carpenter and house builder. “I was trying 
to fit new cabinets in an old kitchen one day and faced 
the usual frustrations because nothing was purely 
level or plumb,” he reports. So he set out to develop a 
tool that would measure angles precisely, and enlisted 
several other Silicon Valley engineers in the effort. 

The tool they came up with doesn't even look like a 
traditional level. It's broad at the base and narrows 
toward the top. “That gives it a lower center of grav- 
ity, so that it is not so easy to knock over,” explains 
Butler, now president of Wedge Innovations, which 
he founded to make and market the invention. The 
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(on end) sound 
and light tell you 


eA a 


rail is aluminum, but is bulked with solid teak so it 
feels nice and firm in the hand. And wood, as many 
carpenters aver, is more comfortable to handle than 
metal, especially in cold weather. 

A large liquid-crystal display, readable from about 
10 feet away, tells the angle—and more. In its basic 
mode the SmartLevel shows degrees from 0 (perfectly 
level) to 90 (perfectly plumb). By touching the “range” 
button, you can measure the angle to your choice of 
three levels of accuracy: plus or minus Ye, v5, or Yio 
degree. That's far better accuracy than you're likely 
to get centering a bubble in a vial. 

Touch the *mode" button, and the SmartLevel's elec- 


Continued. 


This Sentar has Sure, I looked at the big names. But I bought a Sentar 


everything I wanted in a lawn tractor. because the value is in the machine, not in the name. 
It’s built smart, built to last. It has a style all its own, Besides, 1 never could resist a red tractor. 
and it comes loaded with features. For a free color brochure on all SENTAR models, 
Like the 12,5 horsepower overhead valve twin cylinder contact 
engine. Smoothest thing on the market. And a no-clutch SENTAR POWER EQUIPMENT 
transmission with 7 forward speeds. And the most sophisti- PO. Box 360900. ` 


cated 38” deck and grass collection system I could find Cleveland, OH 44136. IF YOU BELIEVE IN VALUE. 


BE YOUR OWN 
BOSS...BEA 
LOCKSMITH 


There is a difference in 
locksmithing training and 
the difference is NRI 


Only NRI gives you such complete train- 
ing, so much real bench experience, and the 
confidence and all the tools you will need to 
earn cash money fast. 

A well-trained locksmith earns money in 
many different ways—installing locks in apart- 
ments, homes, businesses, and automobiles, 
fixing broken locks, cutting new keys. 

The Newest, Most Advanced 

Course of Its Kind 

Thorough step-by-step lessons and profes- 
sional locksmithing equipment such as the 
Taylor KD5 Key Machine give you hands-on ex- 
perience in this exciting growth field. You'll start. 
earning huge cash profits of 800% to 900% 
duplicating keys. And only NRI offers you an 
Electronic Security Alarm training system. 

Compare! NRI offers the only course that 
is nationally approved by the Accrediting Com- 
mission of the National Home Study Council. 

All the money-making secrets of a lock- 
smithing trade will become yours with your 
NRI training, 

Plus, only NRI gives you training in both 
locksmithing and electronics security systems in 
one complete course. 

Start Your Own Business, Full or 
Part-Time, Even From Your Home 

Add to your income with part-time work 
with established locksmiths. . . Start your own 
part-time or retirement business in your own 
home. . . таке locksmithing and security a 
full-time career as a skilled technician in your 
own growing business. There is opportunity 
everywhere! 

SEND FOR FULL INFORMATION BOOKLET TODAY! COMPARE. 
THERE'S NO OBLIGATION AND NO SALESMAN WILL CALL! 
AME scroois 


| McGraw-Hill Continuing Education Center 
4401 Connecticut Ave., NW, Washington, DC 20008 
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Electronics on the level continued 


tronics calculate the percent of slope 
instead of the angle—useful for laying 
a drain pipe, for example. Touch the 
“mode” button again and the readout 
tells you the inches of rise per foot of 
run. That takes the tedious calcula- 
tions out of stairway and roofing jobs. 

Finally, there’s a simulated bubble 
mode (though I don't know when you'd 
want to use it). Two dots appear in the 
center of the display when it's right 
on either level or plumb. When it's off, 
dashes appear on one side or the other. 

With the numerical displays, as you 
swing the level past vertical the dis- 
play flips so that it always reads right- 
side up. 

How does it do that? 

"The electronic module contains a 
gravity-seeking sensor," explains But- 
ler. "That's what's doing all the mea- 
surements and feeding the information 
to the electronic circuitry" The sensor 
is a solid-state pendulum-activated 
gravity sensor about the size of a 50- 
cent piece, Butler reveals. Beyond that, 
the details are proprietary. 

An important feature of the level is 
the reset function. Should the tool be 
knocked out of balance, it is easy to 
set it right. First place the level on any 
flat surface—it doesn't have to be level. 
Next press the "reset" button, hold it 
a moment, and the electronics will 
measure that angle, storing it in mem- 
ory. Then turn the level 180 degrees 
and put it in the same place. Press the 
"reset" button again to measure the 
opposing angle. The electronic circuit 
averages the two and brings the whole 
thing back in balance. 

A nine-volt battery powers the elec- 
tronics, which shut off automatically 
if you don't touch the unit for three 
minutes. A low-battery indicator warns 
you when it's time for a change. 

The LCD and all the circuitry are 
sealed in a waterproof case. This mod- 
ule will fit any of the rails available. 
It also can be used alone as a torpedo 
level or to check the angle of blades on 
table and radial-arm saws. 

The SmartLevel will be available di- 
rectly from Wedge Innovations by June. 
The price of a complete two-foot unit 
will be $100. The electronic module 
alone will sell for $80. Two-, four-, and 
six-foot rails without the electronics 
will be $20, $40, and $60, respectively. 


Sound and light 


The Anglesensor was invented by 
Robert Herman, a Chicago psychother- 
apist (of all things) who invents elec- 
tronic and mechanical devices as a 
hobby. Zircon International now man- 
ufactures and markets the level. 

At first glance the Anglesensor looks 
like a traditional level. The electronic 
module is secured in a familiar alumi- 


num I-beam that, probably as а con- 
cession to die-hards, includes level and 
plumb bubble vials. 

"The technology of the Anglesensor 
is built around an optically sensed pen- 
dulum," says John Stauss, president 
of Zircon International. "The pendu- 
lum, swinging in one plane, bisects the 
path between an infrared LED and two 
phototransistors. When the sensor is 
perfectly level, the light reaching both 
transistors is equal," he elaborates. 
"The sensor assembly is inside the 
raised dial that has an arrow at one 
end,” Stauss goes on. “As you move the 
arrow around the calibrated dial and 
set it on forty-five degrees, for exam- 
ple, the pendulum will think it's level" 
when the arrow points up and the alu- 
minum rail is tilted at forty-five de- 
grees.” In use, the arrow is up. 


Show time 


The electronic circuitry informs you 
through sound (optional) and light: 
When the sensed angle and the angle 
set on the dial nearly match, a red LED 
starts to blink. The closer the level gets 
to the dial setting, the faster the blink. 
When it's right on, the LED emits a 
steady red light. 

Likewise, a staccato tune starts to 
play as you near the objective, evolv- 
ing to a steady beep when you're on 
target. If you don't want the beep, you 
can turn off the audio. A green LED 
merely indicates that the electronic 
module is on. The Anglesensor, like the 
SmartLevel, is powered by a nine-volt 
battery. А blinking green LED means 
the battery is low. 

The electronics of the Anglesensor 
give an accuracy of plus or minus % 
degree, according to Zircon. But the 
calibrations on the dial are so fine that 
if you need to read the angle you may 
have trouble doing so even to within 
several degrees—except at 0, 45, and 
90 degrees, which have positive de- 
tents. Recognizing the problem, Zircon 
has redesigned the scale to tick off only 
every other degree. That should let you 
read the setting within a degree or two 
of the actual angle. 

For locating level and plumb, I found 
listening to the audio or checking the 
red LED to be more accurate than cen- 
tering the bubbles. The audio is es- 
pecially useful when doing jobs like lev- 
eling a range or refrigerator. You can 
put the level atop the appliance while 
you're down on the floor adjusting the 
leveling feet. Though you're out of sight 
of the level, the audio will guide you. 

The Anglesensor is currently avail- 
able in a two-foot version at a sug- 
gested retail price of $80. Four- and 
six-foot models may come later. Шз 


Wedge Innovations, 532 Mercury Dr., Sunnyvale CA 94086 
Zircon International, 1580 Dell Ave., Campbell CA 95008 


TUFOIL [5 SLIPPERIER 
THAN TEFLON / 


When | first saw the data from our government’s most 
prestigious laboratory charting their tests of TUFOIL, | almost 


fell off my chair. 


| know TUFOIL is a superior product. 
After all, I've been working on the prob- 
lems of dispersing Teflon® or Fluon® in 
oil since the early 1970's and getting 
patents all over the world. But here was 
confirmation from on high! My reaction 
was, "Wow! TUFOIL's slipperior than 
Teflon!" 

Their test data showed a steel on steel 
4-ball surface friction of .029 with re- 
markably low wear. | rushed to my library, 
grabbed a lubricant handbook to see if 
my memory was correct. Sure enough! 
Teflon was listed at .04. 

TUFOIL is not just a little slipperier than 
Teflon. It's a lot slipperier than Teflon. 
There was the handbook data right in 
front of me! 

People ask, "Why don't the auto and oil 
companies recommend TUFOIL?" It's 
simple. The big oil companies' profit 
comes from gasoline, not lubricants. The 
&uto companies' comes from car sales. 
Just think. Some of our test cars are 
pushing 200,000 miles. If Detroit recom- 
mended TUFOIL, they might cut their 
sales in half . . . not likely! Some of our 
customers' cars are well over 200,000 
miles, with their engines purring like 
kittens. 

So it's up to you to decide for yourself, 
just as tens of thousands of our cus- 
tomers already have! 

People like you send us letters raving 
about improved starting, smoother op- 
eration, spectacular acceleration, gas 
savings and much longer trouble-free 
engine life. 

TUFOIL has been written up in presti- 
gious scientific journals, newspapers 
such as the Wall Street Journal, Boston 
Globe, New York Times and Christian 
Science Monitor and tested in Universi- 
ties and laboratories all over the world. 
The results are overwhelming! As far as 
we can see, TUFOIL has the lowest 


FREE... Products based on TUFOIL technology. Check 
опе with each order of 2 bottles or more. Check 2 for each | 
| gallon order. Values range from $3.98 to $9.95." 

О TUFOIL Gun-Coat — Super rust inhibited, smooth action 
O TUFOIL Compu-Lube — Low viscosity for computer | 


mechanisms 


C) TUFOIL Lightning Grease — Easily sheared grease for 


I instruments 
o 
lubricant 


FREE brochures . . 

О 30 Questions/Answers abt 

O "Fun with Superconductor: 
too! 

See NASA Tech Briefs for technical details, 

1986, 1987 and 1988. 

©1987 Fluoramics, Inc. 

FLUON® is reg T M of ICi Amencas inc 

TEFLON® ia reg TM of DuPont" 

TUFON is reg TM of Fluoramics 

US Pateni No 4284 $18 

US Patent Но 4224 173 

US Patent No 3933658 

Omer US. Patents issued and pending 


it TUFOIL 


TUFOIL Lubit-8 — General purpose, household use | 


we're leading that field | 


friction and wear of any known lubricant. 
TUFOIL is making history! 

For the last few years, we've been 
running full page award-winning ads in 
NASA Tech Briefs. In them, we call 
TUFOIL, “The Transistor of Lubrication.” 
Our competitors are way back in the 
vacuum tube era with products primitive 
by comparison. No other lubricant even 
comes close. 


We're occasionally asked about lubri- 
cants that claim to be one-time engine 
treatments. The answer is simple! There 
is no record in the scientific literature 
that we've seen so far, that a one-time 
treatment by any lubricant will last the 
life of an engine. So don't believe it! 


TUFOIL means big savings for you, your 
car and your machines! So rush your 
order now and get these marvelous 
benefits. 


* Increases acceleration 
Boosts gas mileage 
* Easier starts—hot or cold 
* Makes engines run better, last longer 
SS 
Here's what some of our customers say. 
This customer wrote a beautiful 4-page 
letter raving about gas savings, easy 
starts. He wenton... 
"My acceleration was also noticeably 
increased and where my normal en- 
gine running temperature had been 
with the needle halfway between HOT 
and COLD, itis now only one third of 
the way in between." 
... R. W., Yarmouth Port, Ma. 


This customer got fantastic fuel savings... 
"The use of TUFOIL in my autos has 
been so successful that! purchased a 
gallon of TUFOIL and now use itin my 
3 lawnmowers, garden tiller and 


shredder." 
- - - D. W., Seattle, Wa. 


handling.) 


rush my TUFOIL order: 
О ONE 8 oz. bottle ... treat one car for 
$14.25 (plus $3.50 shipping and 


О ONE GALLON . . . treat 16 cars for City 
$125.00 (plus $6.00 shipping and 


We ship within days! 
*over the single bottie price BIG SAVINGS 


NOW 
AVAILABLE 


MAKES YOUR CAR’S ENGINE 


WORK BETTER — LAST LONGER — 


How To Use TUFOIL® 

Just add one 8-oz. container of TUFOIL 
to your standard crankcase. (It'll treat 4 to 
5 quarts of engine oil.) If you want to 
super treat your engine, add two bottles! 
You will see the results in less than 1,000 
miles. Once your engine is broken in on 
TUFOIL, add 4 ounces (% bottle) with 
each oil change to keep new perform- 
ance levels. Use TUFOIL repeatedly over 
the life of your engine to help keep it 
purring like new! 


TRY ONE 8 OZ. BOTTLE OF TUFOIL 
FOR 30 DAYS OR 1000 MILES 

If you're not satisfied, simply send us 
proof of purchase with a note and we'll 
refund your money immediately—no 
questions asked. 

Send for TUFOIL today and prove to 
yourself the amazing increase in your 
car's performance. Fill in the coupon 
today. Or call TOLL-FREE any time, 24 
hours a day. 


1-800-922-0075. B 
(in New Jersey, call 201-825-8110.) 


Fluoramics, Inc. Ps so 


/ 103 Pleasant Avenue 
Upper Saddle River, N.J. 07458 


1 handling). See money back AR ME 
1 guarantee. C AmExpress О MasterCard О Visa 
О TWO 8oz.bottles...treattwocars card No. 
for $25.00 (plus $4.00 shipping 
1 апа handling) SAVE $6.00 Ехр. Оаіе 
Signature 
О ONE Quart bottle . . . treat 4 cars 
for $34.95 (plus $4.00 shipping Name 
and handling) "et 


is enclosed 


State Zip 


(NJ. residents please add 6% sales tax) Orders to Canada: 
Send check or money order in U.S. currency Add $10 extra 


Shipping charges. 


When this man talks, his words are 
captured by a box called the Voice. A 
moment later the box begins to speak— 
translating his English sentences into 
fluent Spanish. 


nstant spoken 
translation 


By WILLIAM J. HAWKINS 
Photos by John B. Carnett 
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tephen Rondel, president 
of Advanced Products and 
Technologies, nervous- 
ly clears his throat and 
presses the tiny micro- 
phone close to his lips. 
The circle of people at 
this year’s Las Vegas 
Consumer Electronics 
Show tightens around him. My eyes 
focus first on the microphone, then fol- 
low its snakelike cord to a strange gray 
box Rondel holds in his other hand. 
“Introduce yourself,” he says. The gray 
box begins to speak instantly. 

“1 am the Voice computer and I am 
capable of performing language trans- 
lations,” the box explains with its elec- 
tronically synthesized speech. Rondel's 
fingers once again find the microphone. 

“Take me to... the... airport,” he 
says at an almost normal but cryptic 
pace. He turns the box for me to see 
the words he spoke scurry across its 
four-inch liquid-crystal-display screen. 
“Translate,” he commands. Immedi- 
ately the box begins speaking in fluent 
Spanish, finishing the sentence with 
“por favor (please).” 

“It’s very polite,” says Rondel 
chuckling. 

This is not a language translator of 
the '70s—those calculatorlike de- 
vices that display the Spanish equiva- 
lent of an English word you enter via 
a keyboard. The Voice has no key- 
board. It recognizes human speech, 
and using its microprocessing brain- 
power it translates entire sentences—a 
neat trick considering all the conjuga- 
tions, nuances, and possible ambigu- 
ities in even the simplest expression. 
Then it talks and, according to Ron- 
del, in fluent Castilian Spanish. And 
it fits in a box you hold in your hand. 

Rondel makes using the Voice look 
simple. But I was to learn that it takes 
at least two weeks of practice before 
the Voice becomes your voice. Why so 
long? The answer came later, when I 
caught up with Rondel during a flurry 
of demonstrations in New York. 


A. here are over 35,000 senten- 
ces that can be created," says 

Rondel, *and over one hun- 

dred ways a sentence can be started." 
I discovered quickly that you can't pick 
up the Voice, begin speaking in En- 
glish, and expect to hear Spanish. 
Both you and the Voice must first 
learn a few things about each other. 
The Voice is speaker dependent—it 
must be trained to recognize your 
voice and the way you say your words. 
Rondel lifts the flip-top lid of the Voice, 
turns on the unit, and presses one of 
the buttons under his thumb. “The 
Voice holds over five hundred words, 
Continued 
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14-02. Soft S 
Polish, Now SES Ed 


Schauer: 8- 


Amp Battery 
Campbell Hausfeld" 1⁄2- Uniden' Bearcat Starter/Char- 
HP PowerPal A portable Scanner features 16 ger with 40- 
air compressor with up to channels, 10 bands. amp boost. 


Wok 99.99 | bie — 99.99 29.99 | armor ares 


fl. o; j 
paste. . us Or 14-0 


3. 
8-02. Pr Pressuri d 16-11. 
Paste. 
¥ 


ish With. Tefloi 
En 
oz liquid Or 14-02, 


"Yn 


Black & Decker* AirSta- |Peterson Trailer Light Kit is easy to install 
tion” Inflator/Compres- |because it needs no external wiring splices! 
sor. Up to 120 psi cap., |Includes 20-ft. harness, license bracket, wire 


em == 19.99] custom a 


Auto Wash 


water power! - 
Sito iCar 

Charge it = your True ES Charge Card, 

Visa, MasterCard or the American Express card. 


v Bessories 
гиз Eagle 

b for. | ee сае zs 
Or corrode! 
pel рар. flexible 


яв COMPANY, National Headquarlers, Chicago 60614. 00% realer owned ovo serving over 6000 fue Value Marware Members who own their own tores эй he own prices and reserve the right to mt quanto 
бше мйне sons vary bead marches prc some may sot Sock a ms shown an las ray ary Pres ал abject fo Change VIROL OC® and maybe higher Masa and aval Price exin June 1009 


extended- 
Aerostar. Now, 
even longer on 
looks and space. 


Anew Aerostar model-with 28 cubic feet more cargo 
space in back! 

А new extended-length Aerostar now joins Ford's reg-- 
ularlength mini-van-the one that sets high standards 
for aerodynamic design, luxury and versatility. With 
the same wheelbase, both Aerostars are easy to handle,: 
garage and park. 


[ First class comfort. Carry up to 7 people-or 167 

f cargo-17 more than C 's long mini-vans S 
porty XL or XLT or stylish Eddie Bauer (shown below 

' V-6 power, standard! xctronic fuel-inject- 


quipped, Aerostar tows 4800 Ibs. 


"Touches of class include optional headphone jacks, 
heating/cooling fan controls for rearseat passengers and 
overhead console trip computer. New extende 
or regular. Aerostar goes to any length to be the best! 

Transferable 6-Year/60,000-Mile Powertrain Warranty. 

, with no transfer 5 
i mponents for 6 years/60. 
ions and deductible apply. Ask to s 
limited warranty at your Ford Dealer. 

Quality is Job 1. Our goal is to build the highest quality 
cars and trucks in the world. 

*Regular-length model. E ded-length model tows 4700 Ibs. when 
properly equipped Towing rating is reduced by passenger and 
cargo weight in towing vehicle. 


Have you driven a Ford... lately? 


Buckle up-together we can save lives. 


Instant spoken translation continued 


word groups, and sentence parts,” he 
says. 

The LCD scrolls through single 
words, like January, sentence frag- 
ments, such as I would like, and com- 
plete phrases, like Is the room service 
included? “As each word is shown,” 
says Rondel, “you say it into the mi- 
crophone.” As you speak, the Voice dig- 
itizes the sound and catalogs it along 
with what was displayed. “The whole 
learning process takes about forty 
minutes,” Rondel adds, “and every- 
thing is saved in here.” 

Rondel carefully removes a side cov- 
er to expose a 2.5-inch-square remov- 
able cartridge. “It holds up to 1.25 
megabytes in a non-volatile memory 
with battery backup,” he says. “It 
holds the programming and all the in- 
formation it’s learned about your voice 
for up to five years.” 

Like all speaker-dependent systems, 
the Voice recognizes a word by com- 
paring what you say now against what 
you said during the training period. 
When it finds a close sound-pattern 
match, it knows the word. 

However, unlike other systems, the 
Voice deals largely with entire groups 
of words—sentence fragments or com- 
plete phrases—which Rondel calls 
natural-language processing. “Groups 
of words are more easily identified,” 
says Rondel. “They have more audible 
information than a single word.” That 
improves the Voice's speed and accu- 
racy, and it removes the thorny prob- 
lem of sentence analysis, or parsing, 
usually needed to determine such 
things as gender, tense, and plurality. 

For example, give a voice-recogni- 
tion computer a sentence that contains 
two, too, or to, and it goes into spasms. 
All three sound identical, but only 
the correct one can be chosen after 
the computer determines its relation- 
ship with other words in the sentence. 

“We got around it by creating a vo- 
cabulary that can be constructed only 
in certain ways,” says Rondel. For in- 
stance, with the Voice you can't say, “I 
would like two of these.” “You can only 
use two modifying a noun and [only] 
in certain places,” says Rondel. “You 
would have to say, ‘I would like to have 
two of these? ” 

The rules by which you assemble 
sentences must be learned, and Ron- 
del estimates that takes about two 
weeks of practice. “It’s like learning 
to use a typewriter,” he says. “Every- 
body types one way. You have to talk 
one way to the machine.” 


ith the rules and words known 
by the computer, a translation 
becomes largely a substitution 


of phrases. Each phrase, such as “I 
would like,” has a Spanish equivalent 
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that’s stored as a series of distinct 
sounds called phonemes. When the 
phonemes are strung together by the 
speech-synthesizer circuit, you hear 
the Spanish sentence. 

Creating the phonetic vocabulary 
took time. “We had to find people flu- 
ent in the Castilian dialect and who 
were accustomed to working with a 
computer,” says Rondel. Seated at a 
computer, the human translator cre- 
ates each word that’s needed by lis- 
tening to a variety of phonemes and 
assemblying them in the right order. 
“We then take those sounds to a na- 
tive family and let them listen,” says 
Rondel. “If they have a problem un- 
derstanding what is said, we go back 
and do it once more. The whole pro- 
cess took a year to construct the vo- 
cabulary used in the Spanish module.” 

How well does it all work? “I esti- 
mate that with proficiency you could 
reach sixty to sixty-five words per min- 
ute,” says Rondel. (Normal human 


speech is about 150 to 200 words per 
minute.) 

But proficiency doesn't only mean 
knowing sentence construction. You 
must also remember how a word is 
spoken. Rondel buzzes through a dozen 
sentences without a flaw, but then, 
while trying to use the word people 
in a sentence, the Voice cons 
displays April. “Tm either 
differently than what it has learned,” 
says Rondel, “or I said it wrong when 
I first taught it the word.” The cure: 
Go back and teach the Voice April 
and people once more using a more 
natural voice. “The key is to be as nat- 
ural as possible,” adds Rondel, “so it’s 
easily repeatable.” 


For now the Voice knows only tour- 
ist phrases in Spanish. However, fu- 
ture cartridges will be available for 
other uses and in other languages. 
Rondel believes the next cartridge 
will be geared to business. “It will 
have the words for making business 
deals, structuring terms, and discuss- 
ing services,” says Rondel. The lan- 
guage: Japanese. 

At $2,000 for the translator and 
$300 for each cartridge, the Voice’s 
words don't come cheap. Then again, 
armed with his little gray box, Ron- 
del believes there’s more at stake than 
just translations: “The world needs un- 
derstanding and communication 
among people,” he says. "Wouldn't you 
like to see a day when the computer 
becomes a useful tool in resolving in- 
ternational differences?” 

Por favor. 

Advanced Products and Technolo- 
gies, 15444 N. E. 95th St., Redmond, 
Wash. 98052. 05 


* 


The Voice has a built-in microphone for 
use in a quiet room. Ап external micro- 
phone is needed in noisy areas. The 
liquid-crystal display shows the English 
sentence and its translation. Words and 
programming are saved in a removable 
memory cartridge (top). 
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SURGEON GENERAL'S WARNING: Quitting Smoking 
Now Greatly Reduces Serious Risks to Your Health. 


\ 90 
5 mg. "tar", 0.5 mg. nicotine av. per cigarette by FTC E - 


septics 


Improved waste-water systems distribute 
effluent from septic tanks over a wide area, 
preventing contamination of drinking water. 


By NOELE STUART 
Drawings by Mario Ferro 


A ете standing іп the middle of a sewage drain 

AN says soil-scientist Dennis Osborne. Re- 

markably, this septic-tank-system site, near a 

Raleigh, N.C., housing subdivision, looks like an ideal site 

for homes rather than a giant sewage-treatment system. 
Pine trees cloak the six-acre lot. 

But this drain field differs from ordinary septic-tank 
systems. Beneath our feet is a vast network of buried 
plastic pipes. Periodically, pumps disperse liquid effluent 
from 167 homes and large buried septic tanks into the 
soil. This technique, called a low-pressure-pipe (LPP) 
system, treats and purifies waste water. LPP septics, 
originally intended for single-family homes, are increas- 
ingly going into multiple-home sites. 

LPP systems evolved from research into new waste- 
disposal technologies that accelerated in the 1970s. *One 
objective of the federal Clean Water Act of 1972 is to stop 
discharging sewage into the rivers and streams by the 
year 2000," says Stan Hofmeister of North State Utilities 
Co., an LPP-septic specialist in Raleigh. In the late 1970s 
Dr. Bobby Carlile and Dennis Osborne of North Carolina 
State University discovered that many limitations of 
conventional septic tanks could be overcome with LPP 
technology. (They condensed their LPP know-how into the 
booklet “Design and Installation of Low-Pressure Pipe 
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TIPE SLL PPP ررر‎ F 

WLLL. 
Ж A VA, 
A separate tank for pumping liquid effluent from a septic 
tank, plus a widely dispersed network of narrow drainage 
pipes sets low-pressure-pipe (LPP) systems apart from 
conventional single-tank septic systems. Wide LPP waste- 
water distribution and purification prevents seepage into 
restricted water-table zones. Conventional septics that 
saturate the soil and leak from pipe trenches sometimes 
contaminate drinking water and cause serious illnesses. 


Waste Treatment Systems,” available for $2.50 from The 
Sea Grant Office, Box 8605, 1911 Building, No. 105, North 
Carolina State University, Raleigh, N.C. 27695-8605.) 

“Conventional septic tanks fail, generally speaking, 
because it’s impossible for them to distribute waste water 
uniformly into the soil,” says Osborne. As waste flows into 
a septic tank, solids in it are attacked by microorganisms 
and converted into gases. Liquid effluent from the tank 
usually flows through several long drain pipes buried in 
yard-wide trenches. Liquid effluent initially advances by 
gravity only a short distance along these pipes, spewing 
from ¥2-inch holes and saturating small regions of the 
soil. Soil microorganisms and oxygen needed for chemical 
reactions are depleted. These saturated regions advance 
until the drain field eventually fails. “Your system no 
longer has the ability to treat waste,” says Hofmeister. 

At the six-acre Raleigh site, Osborne steps to a control 
panel and demonstrates what makes the system Carlile 
invented different. As he switches controls from automatic 
to manual, relays click, actuating a pump in a buried tank 
beneath us. Osborne points to a nearby oak. “The land in 
about a seventy-foot radius from there is being dosed with 
effluent right now,” he says. 

With LPP systems, effluent is pumped at intervals so 
that different sections of the pipe network lightly dose 
the soil. The soil is allowed to dry before another cycle, 
retaining its ability to purify waste. “If installed properly, 
an LPP system never fails,” says Osborne. 05 


k mart-where your next adventure 
begins and the savings never end. 
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CABIN TENT. 

T7" x 810”. Polyethylene 
floor, polyethylene canvas 
walls and roof. Dutch-style 
door. Two side windows. 


- Tent fabric treated to be fire 
X N resistant in accordance with 
CPAI-84, 1984. 


SALE 97 
1 EA. 
RHINO “SOLID TIP” RODS. 


Black graphite blank with 
gold glass tip for extra 
power. Choice of styles, 
lengths and actions. 


KAPOK BOAT CUSHION Best of the Outdoors 


.. -SALE 5.79 FAMILY il НУШ 


Color choice. 


Win one of 25 family fishing trips and more. 
Details in store, 


ON SALE APRIL 27 THROUGH MAY 13 P ^ < ъъ<ав- 4 
AT MOST К MART STORES ACROSS THE US.A. Te Sling Platt 


Only at К mart! 


Only at K mart! 


зб @ „0... qo 

36 zen 99 
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FAMILY DOME TENT. 


HEXAGON DOME TENT. 
50” center height. Netted 10’ x 12’ x 6' center height 
rear window. Nylon carry Has two large netted nylon 
bag. Fiberglass poles and windows, door with zip storm 
stakes. Sleeps three, flap. Shock-corded fiberglass 
poles. Carry bag. Sleeps four. 


CURVILINEAR CABIN TENT. 
8' x 10: Zippered mesh 
door and three windows. 
Steel poles. Nylon carry bag. 


mare 


USE OUR 


CENTER SCREENHOUSES ALSO AVAILABLE IN MANY STORES. агау 


SALE 


DELUXE CABIN TENT. 

8' x 10! Oxford polyester 
roof and walls. Laminated 
floor. “D”-style zippered 
door. Three zippered 
windows. 


DINING CANOPY/SHELTER. 
16” x 1'6” x 8'- 
center height. Waterproof 
heavy-duty rip-stop | 
polyethylene. Comes with | 
poles, stakes, and guy ropes. | 


SALE 


> 
SALE NYLON FAMILY CABIN 
88 TENT. 
8’ x 10: Full-length элск дни 


screened door with tie-down —— ===" «70 
flaps. Flaps have two side 


windows. Yoke-style frame. 
Sleeps three to four persons. 


Top quality tents for the best offi 


Tents available in most stores. 
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DOUBLE BOX-TYPE AIR MATTRESS. 
78" x 57" x 4" with 7" pillow. 
Tufted construction, 14G nylon fabric. 
Safety valve. Choice of styles and colors. 
SALE 


2287 


VAGABOND SLEEPING BAG. 
33" x 75”. 3-b. insulated 
SALE 200 poly fill. Nylon outer shell, 


97 Plaid/solid flannel tricot liner. 
Color may vary. 


SALE @ 
8% aia 


10’x 12’ TARPAULIN. 

Heavy-duty polyethylene. Metal 

g rommets every three inches. 
leinforced corners with tie downs. 

6'x 8“. .SALE 3.97 

8'x 10’. SALE 5.48 

12'x 20. SALE 9.98 


SALE 


62 M 
PORTA POTTI™ 155$ ж» [an at K mart! ] 
САМР TOILET. DI 

سے 


2.6-gal. fresh water 

tank. 4.3- gal. waste 

holding tank. Rotating, 

no-splash pour spout. Е 


Built-in deodorant — 


storage compartment. сеи 


= 


САМРА CHEM SIX- 
PACK. SIX 8-FL. 02. 
BOTTLES .. .SALE 5.88 THETFORD 


E 


BRINKMANN” 
SALE DOUBLE- TIER SMOKER GRILLE. 
97 Charcoal/water operated. Self- 
4 basting. Temperature gauge. 
Easy -access door. 
Ай items shown available in most stores. 


utdoors Sale 


— 
eman ij 
SALE SALE 8 SALE ч Б 
23 12 17 
2-LITER JUG. PERSONAL 16 COOLER. 48-QUART POLYLITE COOLER. 
With flip spout for 16-qt. capacity. Holds ‘Two-way handles, hinged lid, 
easy pouring, twenty 12-02. cans with [08] holds two liter bottles upright. 
ice. Reversible lid. Lid- Choice of colors. 


PERSONAL 8 COOLER. . .SALE 8.47 


igloo 


=> 


‘SALE SALE 
99e 1 2 17 PLAYMATE COOLER. 
Removeable tray. Holds 


UTILITY WATER JUG. up to eighteen 12-02. 
6-gal. capacity. cans plus ice. 
Handy pour spout. 


Spend the night out under the stars- T 
Without spending a fortune! М сока eel ost Soe Te зала Place 


Best 


SALE SALE 
#425 2-BURNER CAMP STOVE: * #CL2 DOUBLE MANTLE 
LANTERN. 


Compact size. One step 
Easy-Lite valve." * 


4 EVEREADY. 
a 
HALOGEN FLOATING 
E LANTERN. SALE Q-BEAM SUPER SPOT. 
68 Operates on 6-volt 88 12 volts, 400,000 candle 
12 battery (included). 17 power. Model #2400. 
12- mile visibility. 
Model 209H-S. 
Available in most stores. 
Muskot 
4 4 SALE 
3 67 SALE PRICE TWIN PACK 6-VOLT 
AFTER REBATE HEAVY-DUTY 
INSECT REPELLENT. SPRING BATTERIES. 


Sale price 5.00/2PK. Less 1.00 mf 
mailin rebate Net cost 4.00. Rebate 
subject to manufacturer's stipulations. 


B oz. net wt. spray can. 
ULTRA 6 02. NET WT. . .SALE 3.47 


** Uses liquid fuel. 


be 


of th 


SALE 
89 LIMIT 6 


2 GALLON 


STOVE AND LANTERN 
FUEL. 

For stoves, lanterns, and 
heaters. 1 gallon fl. oz. 


BRINKMANN 


TROUBLESHOOTER 
MULTI-FUNCTION LIGHT. 
Spotlight/ flashlight or 
blinking warning light. 
Uses four AA penlight 
batteries (not included). 


SALE 


US. Coast Guard Approved. gg 


10BC FIRE 
EXTINGUISHER. 
Dry chemical, 
pressure indicator, 
marine mounting 
bracket, disposable, 
Model #0250. 


SALE 


037 


It's a camping sale... 
st of all, it's a K mart sale! 


@Ч11001$ 


SALE 


997 
TAPERFLEX 
SPECIAL SKI 
PACKAGE. 


Includes R.I.M. 
skis, matching ski 


SALE MAXIMA HYDRO SLIDE. vest, top- grade 
97 Two retractable fins, rail rope, and “How 
74 grooves, polished bottom, to Ski” video. 
foam core, quick-release 
strap. 


SALE 


279" 


TCR-ID-1 DEPTH FINDER. 
New design. Identifies 
fish in red. Four depth 
ranges, new smaller 
sensor at 455 kHz. 


SALE FISH 1.D. LOCATOR. 
00 Permanent -mount liquid crystal 
graph with new fish id. system. 


Six depth ranges to 199 feet. 


109% MotorGuide 


НТІВ TROLLING MOTOR. 

18# thrust. Transom wren, 
mount. Unique head 
handle design. 
Multi-function 
switch. 


65M TROLLING MOTOR. 
Five speeds, 28-16. thrust. 
Weedless prop. Tele- 
scoping handle. 


of 


ay, 


4 YN \ a a a 
% 
AS У EBD 
300 Quarum 
RATTEN RAP MINNOW. #441 QUANTUM 
2-3/4”. Choice of colors. i T 
Available in most stores. 
M Ў 
= Catia braking 
system for ultrafast spool 


acceleration. Thumb Bar 
and Flippin’ switch. 
4.4 to 1 gear ratio. 


SALE 


YOUR CHOICE 
ا ا‎ LL old #381 QUANTUM 
Rippin’ Reel Crankin Reel 
Magnum gears. Thumb Engineered to run 
Bar release. Short handle smoother for deep diving 
rotates fast for rapid crankbaits. Power retrieve, 
retrieve. 6.2 to 1 power handle, 8.4 oz., 
gear ratio. 3.8 to 1 gear ratio. 


SIZZLE STIK RODS. SALE 
Graphite/fiberglass composite 97 
construction. Dayglow tips. 

Ceramic guides. Spinning 

and casting models in a 
choice of lengths and 
actions. 


#0620 QUANTUM 
SPINNING REEL. 

Ball bearings, convertible 
Cam Cast™ bail, Power 
Lever™ drag, 5.3 to 1 
gear ratio. 


cee 


#ONE CLASSIC #733 HAWG SPINCAST 


SPINCAST REEL. REEL. 

Power Lever™ drag, S.S. case with power 
feather-touch cast grip handle and 
control, S.S. ball bearings. bait alert. 


With TIO yds. of 14-Ib. mono. 


7 BCO With 80 yds. of 20-16. mono. 
® d 


SALE 
YOUR CHOICE 
22% 
#2606 OR #2608 COPPER COMBOS. 


#606 spincast reel or #608 spinning reel 
with graphite composite rod. 


#33 SPINCAST REEL. 
Internal expanding drag, 
built-in click selective 
anti-reverse, 


К MART IS PROUD TO 
SPONSOR THESE FINE 
FISHING SHOWS ON 
CABLE TELEVISION: 


* Fishin’ with Orlando Wilson 
* Fishing with Roland Martin 
* Jimmy Houston Outdoors 


* Hank Parker's Outdoor New!. 
Magazine Only at K mart! 1 97 
EA. 


CHARCOAL SERIES 

RODS. 

— т вао 
shock rings, Eva foam 

TEBED Sportfcsher handle. Spinning and 

casting models in a choice 

of lengths and actions. 


Mart for traditional tackle values. 
Pen 


e Sang Plat 


س 
د "ت 


xy est CT ths 


SALE TEENY* OR MEENY** 
YOUR CHOICE TWISTER JIG COMBOS. #851100 REGAL SILVER 


€ "1/16. **1/8, or 1/4 oz. Dar BAITCAST REEL. 
.Iqty. varies. Color choice. Г н 
реч Iwa E Magnetic spool control, 


Autocast!™ S.S. ball 
SALE 
YOUR CHOICE 1 99 
EA. 


bearing, 5.1 to 1 
gear ratio. 


APOLLO GRAPHITE SPINNING REELS. 
Your choice of four sizes. Ultra-light 
to heavy freshwater 

models. Internal trip. 

LH or RH retrieve. 

(Model AG500 not 

shown.) 


Daiwa “ д680/30 OR 0513/12 COMBOS. 


А680 Apollocast Ill spincast reel with 
6' rod or 665510 spinning reel with 
6-1/2’ rod. Graphite composite rods 
feature ceramic guides. 

SALE 

YOUR CHOICE 


16% 


APOLLO GOLD RODS. SALE 

Ceramic guides, graphite 97 
composite construction. Spinning 1 

and casting models in a choice EA. 
of lengths and actions. 


Pama 


Jutdoors Sale 


SALE #553 HP CARDINAL 
88 "STRIKE SET" 
SPINNING REEL. 
Graphitanium construction, 


Strike Set™ free- spool 
mechanism, 5.1 to 1 


Л 
34.88 т“ 


gear ratio. —5.00 wes" 
29.88 wee 
Li REBATE 
*Rebate subject to 
to manufacturer's stipulations. 
AMBASSADEUR LITE 
BAITCAST REEL. 
*v C СОЭ, Fastcast Thumbar® 
= spool. ane, e 
wind star drag. 5.1 to 
SALE 94 í gear ratio. 
39 sA о" 
AMBASSADEUR 2 
5000 CASTING REEL. | |j 
Star drag, non-reverse € Abu 
power handle, 3.6 to 1 Garcia 


gear ratio. 


To get Hank Parker's new 
video, "How | Got Started" 
pick up an order form, 
available only at K mart 
Sports Centers, Mail $9.95 
plus postage handling - $2 
of each purchase to be 
donated to FishAmerica 
Foundation. Additional 
details in store. 


AMBASSADEUR #821 
BAITCAST COMBO. 
Baitcast reel with 


magnetic spool control, SALE 
hook set spool lock, and 97 
matching graphite rod. 11 
Limited quantities! EA. 
BLACK AND GOLD RODS. 
Graphite/fiberglass composite. 


Choice of styles, lengths, 
and actions. 


i" 
шыны» 


0 SS -11 is National Fishing Week- . ч 
ный with your family or friends. P he Sang Pla 


ФТ. 


SALE 
YOUR CHOICE 


EA. 
STREN CLEAR BLUE FILLER SPOOLS. 


Superior toughness, 250 yards, Choice 
of 8, 10, 12, or 14# test. 


i SALE 


599? 


BSM 2200FS SPEEDMASTER" 
BANTAM BAITCAST REEL. 
Fightin’ Star Drag!" Two S.S. 
ball bearings. Magnetic spool 
control. 6 to 1 gear ratio. 


es Ssumnno © 


SALE 
YOUR CHOICE 


697 


#ВКМ 200FS OR 201FS BLACK 
MAGNUM BAITCAST REEL. 
Fightin’ Star Drag" system. 
Calibrated magnetic spool 
control. Quickfire casting 
System. Graphite construction. 
Flippin’ switch. 5 to 1 gear 
ratio. LH or RH retrieve models. 


SALE 


5997 


#BKM 100ULS BLACK 
MAGNUM BAITCAST REEL. 
Ultra-Lite special. Ball 
bearings. 5.0 to 1 gear 
ratio. Weighs 7.9 oz. 


BULLWHIP FIGHTIN’ RODS. SALE 


“Through-the-handle” graphite 
design. Spinning and casting models 49 
in a choice of lengths and actions. 


SALE 


jg" 


TBTX-100 BANTAM 
BAITCAST REEL. 
Magnetic spool control. 
Two S.S. ball bearings. 
5 to 1 gear ratio. 


#AX-2000 QUICKFIRE 

SPINNING REEL. 

Quickfire II weh > 
aring, 


М?! system, S.S. ball 
Wf o! N 5.2 to 1 gear ratio. 


€» sumano 


#FX200 QUICKFIRE SPINNING REEL. 
IT body, rear drag. Quickfire bail, 
H.2 to 1 gear ratio. 


SALE #ТХ120@ QUICKFIRE 
БУР, é 97 SPINNING REEL. 
1 Fightin’ Drag II, 


graphite spool. No- 


fail bail, Unbreakable SALE #MARK ПО QUICKFIRE 

bail spring. 5.2 to 1 79 som REEL. 

ао: 34 Graphite spool. Quickfire, 
self-centering bail. Two S.S. 


ball bearings. Fightin’ Star 
Drag" system. 


| lou prices- 


f 
tsa le prices! 


Compare K mart’s um 
now save even more with these’tirea 


SALE ALIVE ATTRACTANT. 


Makes artificial bait 
48 come alive. Choice of 4 E 


scents. 1.75 oz. net wt. Д%8 
EA. 


TRIMAX FISHING LINE. 


New 140-yd. spool. Ultra- 
А clear or new photochromic. 12 OR 14 LB. TEST. . .SALE 5.88 EA. 


-== 4, 6, 8, or 10-Ib. test. 


SALE 
1 EA. 
STINGER GRAPHITE RODS. 


Black blank, Fuj* stellite 
guides and Рој? -type 
handle ** 


LIGHTNING GRAPHITE RODS. 
Radial graphite construction. 
Aluminum oxide guides.** 


30.97 есес 


— 5.00 кулсон мнит 


25.97 


*Rebate subject to manufacturer's 
stipulations. 


SALE 


74 


SERIES ONE™ RODS. 
100% linear graphite 
fibers run tip to butt. 
Unique fighting butt 
for added leverage. 
Exposed blank design 
for increased 
sensitivity. Fuji® 
silver/carbide guides" 


Top quality gear for y 1010007 
all at the Sports Cente 


**Spinning or casting models in a choice of lengths and actions. 


- SALE 
А Б 
E >} 
a 33.5 FIVETRAY 
2 Y À TACKLE BOX. 
" A | Has 32 compart- 
l ments, wide body, 
p 1 i and Zerust corrosion 
m protection. 
RE 
pe m SALE 
#1122 MAGNUM 11% 
DOUBLE SATCHEL. 


Has 22 compartments _ 
and see-thru lid. PE MS mm 
# SALE 
4 x 4 DOUBLE 
SATCHEL TACKLE BOX. 


40 compartments, 
double-sided, plus two 
five-compartment 
accessory boxes. 


SALE #1464 PHANTOM SATCHEL 


8 TACKLE BOX. J 
Deep well with removable top А к 
tray, 13 to 64 compartments, 
and see-thru lid. c BS 


SALE 


3188 


#18 KANGAROO LARGE 
SEVENTRAY TACKLE BOX. 
Has 56 compartments 
with add-on bottom for 
extra storage. 


#787 FOUR-DRAWER TACKLE BOX. 


Four removable spinner bait racks. Lures and accessories not included 
Up to 40 compartments. in tackle boxes. 
nacar t 
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Best of the Outdoors Sale 


SALE 

GALLON JUG. 
New twist-and-pour 
‘spout. 


SALE 


888 SPORTCOOLER 12. 
12-quart capacity. Patented 
10-QUART freeze i 
PERSONAL COOLER. ч bl. 
Holds up to twelve 
12-02. cans with ice. 
Hinged lid. Color choice. 


Piin ms IBI 
#357-6 PELLET 
REVOLVER. . .SALE 36.96 


THERMOS. s: 
É 20? 
SALE 7-QUART "LIL COOLDATE" 


Daisy 00 PERSONAL conten. 55-QUART COOLER 

#6092 PISTOL Split dome lid for easy CHEST. 

PAK. . .SALE 42.94 access. Unique straddle- No-tilt drain, removable 
tray sits on cooler. tray. Fish scale on lid. 


ин" #2100 CLASSIC PELLET 
2 ns. 00 ^an 
+; Variable pump powered, 
rifled steel barrel. 


TASCO* 4x15 .22 RIFLE 
SCOPE. . .SALE 7.97 


#880 AIR RIFLE. 
Pneumatic pump-up B.B. 
repeater or single-shot 
pellet. Rifled barrel full- 
length. Molded stock 
and forearm. Scope sold 
x separately. 
Coolers and air rifles available in most stores. 

ON SALE APRIL 27 THROUGH MAY 13 DE a am 

AT MOST K MART STORES ACROSS THE U.S.A. He Sting Place 


KMART. ADVERTISED 
MERCHANDISE POLICY 


9 A POPULAR SCIENCE 
Special Advertising = 
Supplement р БЫ X 


— гы - 
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‘COMSTOCK INC/HENREY SCANLON 


ummer in Colorado offers 
outdoor vacationers lots to 
see and do and easy ac- 
cess to many attractions 
and state parks. The scenery along 
the highways is complemented by 
the rich heritage of the century-old 
mining towns. If hiking, mountain bik- 
ing, or horseback riding are more 
your style, well-marked mountain 
trails allow you to experience the 
sights and sounds of summer in Col- 
orado. Wildflowers cover alpine 


meadows with color and fragrance. 
Historic ghost towns stir the imagina- 
tion. Rugged peaks against a bright 
blue sky offer photographers many 
memorable shots. If you're quiet, you 


JEFF ANDREWICTB 
may catch a glimpse of elk, deer, 
bighorn sheep and many species of 
birds in the mountain canyons. 

Colorado, known as the Mother of 
Rivers, offers a variety of relaxing 
day to week-long river rafting trips 
through scenic canyons. Whether 
you plan to escape with a fishing 
pole or in a hot air balloon, Colorado 
offers warm relaxing summer days 
followed by peaceful, cool nights. 
Dude and guest ranches offer visi- 
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JEROME SHAW/CTB 


Colorado's Rocky Mountains offer serene camping 
areas with spectacular views, both in the 
backcountry and well-maintained camp sites. 


tors of all ages a chance to experi- 
ence life on a working dude ranch. 
Many ranches have active children's 
programs, and singles and seniors 
will also enjoy the unhurried atmos- 
phere and optional activities. 

Colorado's 52 state parks and 
other outdoor recreation sites offer 
endless possibilities for camping and 
hiking trips. At Rocky Mountain Na- 
tional Park, view the breathtaking 
scenery and crystal clear lakes and 
Streams. While at Mesa Verde Na- 
tional Park, step into the ancient cliff 
dwellings of the Anasazi. 

Begin your exploration of Colora- 
do by calling 1-800-433-2656. Ask 
for Department Colorado to receive 
a free vacation planning guide. W 


ВОО WALKER/CTB 
True to Colorado western heritage, horseback riding 
is abundant throughout the state for a day or multiple 
day trips. 


JEFF ANDREW/CTB 


JEFF ANDREW/CTB 
The Carpenter/Phinney Cycling Camps are held 
each summer at Copper Mountain Resort in the Col- 
orado Rockies. These camps are designed for seri- 
ous recreational riders and racers interested in pro- 
fessional coaching and beautiful riding terrain 


In Colorado, 
The Fountain Of Youth 
snt A Fountain. 


Ww" arg 


It's amazing how an exhilarating ride on the waves of a Colorado river can | Colorado Tourism Board, Вох 38700 
wash the years away and leave you feeling like a kid again. River rafting, | Dept. 1114, Denver, Colorado 80238 
however, is just one way a vacation in Colorado can help you rediscover that 
wide-eyed kid in you. Soaring in a hot air balloon. Hiking in the beautiful | 
Rockies. Fishing a mountain stream. Or exploring ancient Indian ruins ог | Address 


ghost towns seem to have the same effect. 
So, if you’re tired of acting your age, ( COLORADO | | City 
send for our free Vacation Guide. Or call 


toll-free and ask for extension 1114. 1 - 800-433-2656 |State_ Zip 


| Name 
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in the comfort of 
your living room 


The Sportsman's Workshop Video Library series shows you how, 
where and when to become a better fisherman. 


Whether you fish from a boat or from the shore, the Sports- 
man's Workshop Video Library series will explain the se- 
crets of success. 


MÀ [а Pan 


There are specialized videos targeting the sports of hunting ducks 
and geese, loaded with secrets for success from experts like Bob 
Brister and Dick Gasasay. 


Specialized video titles on whitetail and mule deer, elk, bear, 
and other big game explain the how-, where-, and when- 
to...tactics for success. 
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ike to have a one-on-one in- 
structional course on the art 
of fishing for bass with 
world-class anglers Larry 
Nixon or Roger Moore for under 
$10? Or how about a personal How- 
to-Hunt-Whitetail-Deer seminar with 
the most respected whitetail deer 
hunter and outdoor author in the 
world, John Wootters, for the same 
price? 
Sounds ridiculous, right? Wrong! 
It all began nearly a dozen years 
ago when Warburton Productions, 
Inc. was founded by Jay S. 
Warburton, and the Sportsman's 
Workshop TM Video Library was 
born. "How to Catch Bass,” starring 
bass pro Roger Moore, and “How to 
Catch Walleye,” starring pro fisher- 
man Babe Winkelman, were the first 
two pilot productions introducing 
what was soon to be the most exten- 
sive how-to hunting and fishing video 
series in the country. With less than 
10,000 video cassette recorders in 


The Sportsman's Workshop Video Li- 
brary series provides the outdoor en- 
thusiast with a complete ‘Ному to..., 
‘Where to..' and ‘When to..' collec- 
tion covering all of the major hunting 
and fishing sports. 


Through the magic of video, outdoorsmen will travel and experi- 


the country, sales for the videos 
topped 2,000. For the first time, it 
was possible to invite the world's 
finest outdoors experts into the pri- 
vacy of one's living room at the most 
opportune moment. Neither tradition- 
al network television nor cable tv 
could compete. 

Warburton's dream of bringing 
sportsmen a complete апа 
affordable video library became a re- 
ality last spring when Chevy Truck 
became sponsor of Sportsman's 
Workshop. With Chevy's support, it 
became possible to offer each indi- 
vidual video tape in the series for un- 
der $10. 

Distributed nationally through 
Simitar Entertainment, Inc., the entire 
Series can be purchased in video 
and sporting good departments in K- 
mart, WalMart, and Best, as well as 
numerous other major retail outlets 
and individual sporting good and vid- 
ео dealers. There are 21 titles cur- 
rently available and more will be 
added on a regular basis. 


ence fishing from the King Slamon waters to the trout streams of 


Colorado and beyond. 


How To Troll For Fish 
How To Catch Walleye 
How To Catch Bass 
How To Catch Trout 
Bass Tactics That Work 
Secrets Of Catching Walleye 
Decoys And Duck Calls 
Panfish--Family Fishing Fun 
Learn The Basic Art Of Fly Fishing 
How To Hunt Whitetail Deer 
How To Hunt Wild Turkeys 
Archery Tactics For Deer 
How To Use Soft Plastic Lures 
How To Hunt N. American Big Game 
Secrets Of Hunting Black Bear 
How To Hunt The Majestic Elk 
Kids + Fishing = Fun 
Introduction To Muzzle Loading 
Ice Fishing 
Pheasant--King Of Upland Game 
How To Hunt Geese 


Warburton's newest release, "The 
Sportsman's Workshop Video Maga- 
zine, Volume #1” is currently the fo- 
cus of a national promotion in K mart 
Stores across the country. You can 
find it displayed in K mart sporting 
goods departments. 

The Sportman's Workshop Video 
magazine is a video version of out- 
door sports print magazines. It will 
carry your favorite outdoor features, 
news items, and some how-to tips. 
The idea is to take advantage of the 
video medium to offer an energetic 
60 minutes of action, adventure and 
information. The plan is to start pub- 
lishing monthly editions in Septem- 
ber. 

If you are unable to locate a spe- 
Cific program, you can order it by 
mail by calling 1-800-444-5089 or 
just send a check or money order for 
$9.95 plus $2.95 for postage and 
handling to Warburton Productions, 
Inc., PO. Box 1236, La Porte, CO 
80535. As a special offer to Popular 
Science readers, for a limited time 
Warburton Productions will pay the 
postage and handling charge on all 
orders for three or more tapes. 

Warburton Productions, Inc. would 
like to hear your comments and ide- 
as for future productions, so feel free 
to mail them a letter at that same ad- 
dress. The 800 number is for tape or- 
ders only. 
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; its; a m Ou read maps .. 5, 
obsessively, play with your food, and become ~ 
emotional about remote places—it's:time to get 
outdoors again. 

And the Chevy Extended Cab is a beautiful 
way to get there. 

There's room in the rear. for instance. for 40.5 
cu. ft. of cargo. Or, with the available fold-down 
rear seat, room for three extra passengers. 

That means six people can sit, facing forward, 
with more shoulder and leg room than-Ford. 

Lets get it together. buckle dp. And the advanced Vortec V6 delivers 15 more 


ADVANCED 
THAT LEAVES FORD IN THE MUD. 


horsépower than Fords old-design in-line six . Equipment Groups that. Can sêve you ир4о 
ith the Standard Insta-Trac System on four- $1,800* See your Chevy dealer today, 
Wheel:driye Modelstheres NO slowing down 
ve PINE’ to Switchiinto АДУ You never sou coc Bumper fontem cg lta etn 
‘ave to get out and lock:the hubs, Аар М. suse petii tudis lor option 5 
ight now's a Perfect time to look into an ке E 
«tended Cab. Ап, look i 


Cherpafisons based on 
nto our леў Preferred 


pata available эы ерү 
МЇ Chevy and the Chevrolet emblem sre 
Е 1989 СМ Corp, All Righ: Reserved 
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COMPLETE 


FISHING 
SYSTEMS 


here are a lot of packaged 

boat rigs available today. 

But Fisher has taken that 

concept to a new level of 
quality and value by introducing a full 
fleet of 30 complete fishing boat sys- 
tems. 

A Fisher fishing boat system in- 
cludes a Fisher® aluminum boat, Mari- 
ner® outboard motor (and usually a 
Mariner Stalker® electric trolling motor 
as well), a full complement of fishing 
and marine accessories, and a spe- 
cial custom trailer designed specifi- 
cally for each Fisher model. 

“The big difference between а 
Fisher fishing boat system and other 
package rigs is what we use to make 
up the system, and how we put it all 
together,” explained Eric King, Fish- 
er product director." 

“We start with one of our Fisher 
boats,” he continued, “boats we're 
confident are the highest quality alu- 
minum fishing boats on the water. 
Then we match a specific Mariner 
outboard to that specific boat, so the 
fisherman gets the best possible per- 
formance in speed, fuel economy, 
and durability.” 

“We fill each Fisher with all the 
features and accessories an angler 
could want. Like livewells. High-tech 
Humminbird fish finders. Fishing 
chairs specially designed to be both 
comfortable and weather resistant. 
Extra-large casting platforms so 
there's plenty of fishing room. Lots of 
onboard storage compartments for 
rods and tackle and extra gear. Most 
Fishers include a Mariner Stalker 
electric, power-matched to each 
boat. Some even come with an AM/ 
FM stereo cassette player. And 
much, much more." 

"Everything's standard. There's no 
long list of extra-cost options to con- 
fuse the customer. In fact, our option 
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Inside story, You can tell what a 
boat is really built like by looking 
under its skin. This cutaway of a 
Fisher Grey Thunder bass boat 
shows Fisher's exclusive Unit- 
Frame construction design. The 
frame of all-welded extruded alu- 
minum makes the boat extra 
tough, to take the bumps and 
blows of a hard-working, hard- 
playing fishing boat, last longer, be 
Stronger. 


list is the shortest in the business: In 
most cases, just an extra fuel tank 
and spare trailer tire." 

"Our high-quality trailers are as 
special as the rest of the Fisher sys- 
tem. All are custom drive-on trailers, 
so they cradle the boat more secure- 
ly while towing, launch it easier at the 
ramp." 

"Fishers accessories are se- 
lected for high quality and dependa- 
ble performance, not low cost," King 
added. “Everything--big or small-- 
that makes up a Fisher fishing boat 
system must pass Fisher's demand- 
ing quality control tests. If it doesn’t 
pass the tests, it doesn't make it to a 
Fisher." 

"And everything is factory rigged 
by Fisher's rigging experts, so it's in- 
stalled correctly, the way it was de- 
signed and built to be installed.” 

Fisher offers 30 complete fishing 
boat systems, in both bass boat and 
Semi-Vee models, from 18' to 14’. All 
have all-aluminum construction, wh- 
ich means lighter weight for better 
performance, and no wood decks or 
stringers to get wet and heavy and 
rot. 


Fisher Grey Thunder 18. No other aluminum bass boat combines great 
looks, hot performance, and pro-class fishability like a Fisher Grey 
Thunder 18, Plus, it's a complete fishing system, with twin electric 
livewells, Mariner 75 outboard, Humminbird TDR ID1 fish finder that 
shows the fish in red and the structure in black, a powerful Mariner 
Stalker 24-volt electric motor and a delux custom drive-on trailer. Man- 
Vfacturers Suggested Retail Price: $10,325. 


Fisher SV-2. The Fisher SV-2 fishing boat is the ideal walleye and 
muskie boat (it's great for bass and stripers, too). It comes factory 
rigged and ready to go fishing, complete with electric livewell, aircraft- 
style instruments, Humminbird fish finders, Marine 40 outboard and 
Marine Stalker electric trolling motor, AM/FM stereo cassette, even a 
fire extinguisher and paddle. The custom-matched Fisher drive-on trail- 
er is standard, too. Manufacturer's Suggested Retail Price: $7,626 


Most are built with Fisher’s exclu- 
sive Unit-Frame internal construc- 
tion, an all-welded frame of extruded 
aluminum for more hull strength and 
longer life. All Fisher SVs feature the 
Wave-Tamer bow that cuts through 
a chop like a filet knife for a smooth, 
dry ride. 

Plus, King noted, there's the Fish- 
er Systems dealer. "He's committed 
to his customers’ boating satisfaction, 
and backs that commitment with a 
staff of factory-trained service pros 
and a complete inventory of parts 
and accessories for fast servicing.” 

Fisher backs its boats with its ex- 
clusive Stem-To-Stern limited war- 
ranty that includes everything: Boat, 
motor, accessories, and trailer. It also 
includes a five-year warranty on the 
hull, and a three-year warranty 
against corrosion on the Mariner out- 
board. 

With its complete fishing boat sys- 
tem, Fisher offers America’s fisher- 
men the best in quality, factory- 
rigged, ready-to-go fishing. In fact, a 
Fisher system is so complete, all you 
need to add is fuel and a fishing 
license! MI 


mbines Value And Quality Like Fisher. 


You're looking at one of the finest fishing systems in the world. A 
Fisher” SV aluminum Semi-Vee. 

If you're serious about your big-lake fishing . . . if you want a boat with 
no-excuses quality . . . more pro-class fishing features . . . get serious 


about a Fisher. It's as close as you're ever going to get to a perfect system. 


That's because a Fisher isn't just a fishing boat. It's a complete 
fishing boat system, factory-rigged by experts to include everything 
you need. 

You get a great fishing boat, with famous Fisher quality features like 
super-tough Unit-Frame™ construction and exclusive Wave-Tamer™ 
bo 


W. 
Powered by a Mariner” outboard, the brand with a worldwide reputa- 


tion for tested-tough reliability. Most Fisher SVs also include a 
thrustworthy Mariner Stalker" electric trolling motor. 


SV-16 DLX SC 
$5,725*** 


And complete accessories. Like a state-of-the-fish-finding-art 
Humminbird.* Full aircraft-style instruments. Even an AM/FM stereo 
cassette player. And much more. 

Fisher deluxe drive-on trailers are custom-matched to each hull, for 
Smoother trailing, easier launching 

Naturally, everything that makes up a Fisher system must pass Fisher's 
demanding quality exam. If it fails the test, it doesn't make it to a Fisher. 

Commitment to your boating satisfaction is a top priority at Fisher. 
That's why every Fisher Systems Center is staffed with factory trained 
Service experts who stock a complete inventory of parts and accessories. 

It also means that you're covered by Fisher's exclusive Stem-To- 
Stern" warranty?” including a five-year warranty on the hull 

Fisher offers 30 aluminum fishing boat systems, all fully equipped to 
deliver the best in affordable fishing fun. Complete-system prices start 
at just $1,999.*** 

Call toll-free 1-800-624-1332 for a free catalog and the name of your 
nearest Fisher Systems Center. 


A CONTINUING TRADITION OF QUALITY 


Grand Prize 

One lucky Grand Prize winner will take home a fully 
equipped Cobra 1804 18’ Bayliner® boat with trailer and 
motor, a Zebco®/MotorGuide FB28 trolling motor, a 
Plymouth Voyager van, a Woodstream model 78 tackle 
box, and a Delco Voyager marine battery. Approximate 
value: $28,000. 


` First Prize 


25 First Prize winners will 

each receive a family fishing 
T trip for 4 to Big Cedar™ Lodge, 

s. Table Rock, Missouri, for 4 days/3 
nights, including transportation, lodging, 
meals, boat rental, quide service, tackle, 
and more. Trips must be taken June 21-24, 1989. 
Approximate value: $3,500 EACH. 


Second Prize 


100 Second Prize 
winners will each be / 
awarded a $25 К mart | 
gift certificate good at 
K mart stores across the U.S.A. 
Approximate value: $25 EACH. 


Total Approximate Prize Value: $118,000 
Entry forms available only at K mart! 


Heres how to enter: 

No purchase necessary. Pick up an entry form in the Sporting 

Goods Department of any K mart store. aei) toad form 
сей 


60096-1249 by 5/18/89. (WA and VT lude 
postage.) Void where prohibited or restricted. All federal, state, 
and local laws and regulations apply. Sweepstakes open to all 
U.S. residents, 18 years or older. Further sweepstakes details оп 
entry form in store. Odds of winning to be determined by the 
number of entries received. Winners to be drawn approximately 
May 26, 1989. Not available in Canada, Alaska, or Hawaii. 


LANE 
ќе Sturing Place 


ad а chance to enjoy the 

great outdoors lately? If you 

have, you've had an oppor- 

tunity to witness firsthand 
the beauty of America’s resources. 
Keeping our resources strong do- 
esn't happen by itself, it takes dedi- 
cated conservationists organizing ef- 
forts to replenish waterways and 
public parks, campers and anglers 
taking pride in our assets, and sup- 
port from the private sector. 

K mart has been an avid support- 
er of events and programs that pro- 
mote protecting and restoring our 
land while offering enthusiasts an op- 
portunity to showcase their talents. 

Crappiethon USA Fishing Tourna- 
ments provide such an opportunity. 
In 1989, the tournaments will be held 
on 36 lakes in 20 states. The 
Crappiethons allow men, women, 
and children to catch as many 
tagged crappie as they can in a des- 
ignated 60-day period. More than 
55,000 crappies are released at the 
start of each event, and more than 
1,000 of these are tagged. To date, 
more than $50,000 has been ear- 
marked for conservation efforts from 
Crappiethon USA proceeds, most of 
which have gone to the Fish America 
Foundation. 

The Fish America Foundation, 
with more than 100,000 members, 
was founded to provide funding, re- 
sources, and assistance to grass- 
roots efforts that benefit local water- 
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ways, increase fish populations, and 
improve species spawning and 
breeding areas. In addition to beirig a 
charter member, K mart has donated 


*more than $127,000 to the found- 


ation through in-store promotions 
and sales events. K mart also spon- 
sors the Arthur Smith Sportsfishing 
Tournaments. The tournaments take 
place in South Carolina and Florida. 
Since Smith started the tournaments 
in 1976, more than 103,000 anglers 
have participated and more than 
$253,000 has been raised for con- 
servation efforts. Celebrities like 
Smith play an important part in pre- 
serving the environment. They reach 
hundreds of thousands of people 


through personal appearances and 
television and radio interviews. 

K mart currently sponsors four ce- 
lebrity fishing shows: Orlando Wilson, 
Roland Martin, Jimmy Houston and 
Hank Parker. These individuals were 
chosen for their expertise in fishing 
as well as their commitment to sup- 
porting and improving our country's 
fisheries. 

The K mart Sporting Goods Divi- 
sional Merchandise Manager sums it 
up this way, “We hope that when 
Americans think of the great out- 
doors, they think of K mart, but more 
importantly we hope they think about 
conservation. Together we can keep 
the great outdoors great." IM 
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Astro Bass Sport 16 Pro. Mercury 50h 

ы 01/month (84 months)* 

‘$7,699. Other similar 
models from $5,399. 


* — ASTRO"PUTS MORE IN A 
FISHING BOAT PACKAGE. 


Boat. Motor. Trailer. Accessories. 


The way Astro puts them to- 
gether gives you more honest 
value for your boating dollar 
than the same type of package 
from anybody else. 

That’s because we did our 
homework first. We did in-depth 


MEH H = 
OUTBOARDS © 


research, not fies with boat buy- 
ers, but with designers and engi- 
neers. And we found the best 
ways to build and deliver boats 
that surpass your expectations. 

Boats crafted in the Mercury 
tradition of unstinting quality 
and performance. 

At the Mercury Powerboat 
Division of Brunswick Corpora- 


Astro оморй 18V Pro. Mercury 80hp. 
or $10,999. Other similar V bottom 
models from $5,999. 


0.03/month (84 months) * 


tion (the world's 
largest maine __ 
manufacturer) we 
build Astro fishing 
rigs 14 to 19 feet 
long. Move them 
with 5 to 200 
Mercury horses. Sell them, ready 
to trail away, from $1,899 up. 
We custom designed each 
one for peak performance with 
a specific outboard. We outfitted 
each Astro with an impressive 
range of accessories as standard 
equipment. Matched boat and 
motor to a custom 
trailer. Backed each 
Astro with our exclu- 
sive Stem-to-Ster" ** 
warranty. And made 
them available through 88 
only the best dealers. 
Then we priced 


each package to make 
boating more affordable. 
To make sure you get more 
for your money with any Astro. 


WORLD'S WIDEST CHOICE 
OF FISHING RIGS. 


There are 46 Astro models in all. 
In polyglass. Or all aluminum. 
With flat bottoms to deep Vs. 
Tiller rigs to dual consoles. 
Family fish ’n ski boats to full- 
dress tournament rigs. 

For crappie lakes to big 
northern water, there's an Astro 
with the equipment, power and 
price to fit the way 
you fish. 

EVERYTHING BUT 


Every Astro comes 
ready to fish. And 
equipped with 


accessories that 
range from extra- 
comfortable, all-weather 
swivel seats to guide boards 
and bearing protectors on the 
trailer. And packages start at a 
total price of only $1,899. 

Your Astro’s no-extra- 
charge accessories can include 
everything from Lowrance” fish 
locators and Mercury Thruster’ 
trolling motors, locking storage 
and large casting decks to full 
instrumentation, deep-cycle bat- 
teries and tournament aerated 
recirculating contoured livewells 
with automatic aerator timers. 

EVERY ASTRO MOVES 

OUT WITH A MERCURY. 


When you're out in an Astro, the 


Legend's behind you, a Mercury* 


outboard born of nearly 50 years 
of improving the breed. 


Ы 


ILLS. 


stro ec I9FD. Mercury ХКА. 
$185.00 month (120 moathe)* 
or S15, 2m Other flippin decks 
from $1 


From the 5-horse Mercury 
to the 200-horse V-6, you 
can count on smooth, 
trouble-free perfor- 
mance from an 
outboard that’s 
] matched to the 
Astro it goes fishing with. 
YOU CAN'T BUY AN ASTRO 
_FROM AN ORDINARY DEALER. 
Only from a dealer we know to 
be knowledgeable, helpful and 
dedicated to your satisfaction for 
the long haul. 

That’s how we make sure 
your purchase and time afloat 
will be a pleasant experience 
from the start. 

ASTRO, MERCURY, TRAILER, 
ACCESSORIES: EASY PRICE 
AND WAY TO PAY. 

Before you hook any boat to your 

hitch, find out how the Astro 


i 18FS Merury 1500р, 
E. 6 Е С 18)* 


fom $10,999" 


package not only 
gives you more for your 
money, but all the boat, 
motor, trailer and accessories 
you'd ever want. 

And find out how much 
more affordable boating can be. 
Your Astro dealer has complete 
details on convenient MMAC 
financing. 

For the Astro dealer nearest 
you, call 1-800-BOATS-90. Now. 


_ cM g— 
273 KS Oa 
dd 
Powered by Mercury 


поезы 
Ra pia appka ible taxes, licenses and fees. Ask your 
Astro dealer | details. 


Prices listed are SPRING SALE Prices for a limited ited time a partic, 


light Молат Беа participating dealers 


“inde warn Warranty details available at local Astro dealer. 


Brunswick Corporation 1989. Astro fishi are productsof 
Mercury Powerboat, a Brunswick Co. SEE 


or pd 


t was 1957. The Dodgers 

were still in Brooklyn, every- 

body liked Ike, and a young 

senator from Massachusetts 
had just secured a position on the 
powerful Foreign Relations Commit- 
tee, a sure sign that he was presi- 
dential material. 

The Murray Ohio Manufacturing 
Company, one of America's largest 
bicycle manufacturers, proudly dis- 
played its top-of-the-line cruiser bike 
on the front of the company's '57 
catalog. "Slip Stream Color Styling." 
"Sturdy rims for the Young American 
rough rider"--these bikes were big 
and bulky, built for sauntering down 
the ever expanding streets of subur- 
bia with not so much speed as state- 
liness. What's more, they were the 
only bikes available. Cruisers had 
dominated the market since the 
1930's, and remained fixtures of the 
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suburban landscape through the 
early 60's. 

In the mid-60's, with the introduc- 
tion of hi-rise and lightweight racing 
bikes, the bicycle industry began to 
experience a twenty year period of 
expansion and diversification. With 
this diversification, many manu- 
facturers shifted their production 
away from cruisers. The growth of di- 
versity in the bike industry continues 
today. Consumers can choose from 
a number of bike categories--BMX, 
lightweight racing bikes, freestyles, 
mountain, even city bikes built for 
battling potholes and uneven pave- 
ment. In addition, professional bike 
races, underwritten by blue-chip cor- 
porate sponsors, have pushed biking 
to increased levels of sophistication. 

Despite the changes in the bicy- 
cle industry, Murray continues to 
make cruisers a part of its extensive 
product line, much to the delight of 


nostalgia-crazed Baby Boomers and 
their equally enthusiastic offspring. 
Though Murray's cruiser line has 
been updated with lighter weight 
frames and better paint finishes, the 
big chrome fenders, chain guards, 
whitewall balloon tires and saddles 
with springs strike a familiar chord 
with those who remember the bikes 
of their childhood. 

The resurgence in the popularity 
of cruisers first began (where else?) 
on the strands and boardwalks of su- 
per trendy southern California. 

"Cruisers require very little main- 
tenance, their balloon tires are per- 
fect for hard, smooth surfaces, and 
their retro look really stands out,” 
says Larry Cognata, Murray's chief 
bicycle designer. California's easy- 
going lifestyle, combined with a cli- 
mate conducive to year-round out- 
door sports, make cruiser bikes the 
unofficial bike of the beach and 
surfboard sets. 

From California, the popularity of 
cruisers has moved eastward. Mur- 
ray's cruiser bike sales are picking 
ир, particularly in Florida, Virginia and 
the Gulf region of Texas. The in- 
crease in cruiser sales is eclipsed 
only by the growth of its direct de- 
scendant, all-terrain bikes or ATBs. 
As today's fastest growing category 
of bicycles, ATBs combine the nos- 
talgic comfort of a cruiser with the 
speeds and brake systems of a light- 
weight bicycle, enabling the rider to 
battle city streets and coast along 
wooded paths. For many baby 
boomers living in the buttoned-down 
80's, owning a Murray cruiser re- 
minds them of a time when life 
seemed  simpler-of | newspaper 
routes, "Leave it to Beaver,” and lim- 
itless possibilities for the future. IM 


OUR MOWER SUFFERS FROM A 
SEVERE CASE OF SPLIT PERSONALITY. 


On the one hand, the Murray However, one glance at the price The Murray Mower. Both sides of 
Mower is remarkably similar to a tag and the Murray Mower becomes its personality are equally appealing. 
high-priced luxury automobile. It a different creature altogether. It Isn't it nice to know you don't have 
features state of the art engineering. becomes a vehicle that is practical. to choose between the two. 

It's designed around the comfort of One that is highly affordable. And it MURRAY 


the driver. And it's so well-made it ^ lasts year after year after year— 
runs beautifully without expensive always performing dependably and MOWERS 
maintenance or accessories. economically. TOUGH AS THEY COME 


cience brings fishermen 

toe-touch steering, infinitely 

variable speeds, 150%- 

500% greater efficiency, 
and extraordinary quiet power. 

Employing the best motor experts 
and proprietary computer-aided-de- 
sign, Minn Kota in recent years has 
developed the most efficient and 
quietest full line of electric fishing 
motors on the market. Manufacturing 
the power units in America, in their 
own factory, they control quality eve- 
ry step and at the same time take im- 
portant extra steps. For example, 
they diamond-turn commutators to a 
#10 micro-finish, and balance arma- 
tures at actual operating speeds. 
And all component assemblies are 
100% inspected at every stage of 
manufacturing. Their reputation for 
quiet, quality, and reliability is so well 
known that three out of four fisher- 
men choose Minn Kota when they 
buy an electric fishing motor. 

Now, a new direction: Minn Kota 
wanted a better remote control than 
the decades-old mechanical foot 
pedals in general use. These older 
units employ stiff, push-pull steering 
cables and heavy-gauge wiring to 
motor speed coils. So the company 
assembled four teams of scientists 
and designers to find the answers. 
The Maximizer Breakthrough 

The physics team contributed a 
breakthrough--a pulse-width modu- 
lation system, named Maximizer™ 
This solid-state device pulses current 
20,000 times per second. Instead of 
using speed coils, it slows the motor 
by changing the width of the pulses. 
The major benefit is 1-1/2 to 5 times 
greater efficiency, so you get longer 
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running time on a battery charge. 
Another benefit is low-amperage 
control, permitting a very small pair of 
wires to control motor speed. The 
patented Maximizer is built into bow- 
mounted Minn Kota PowerDrive mo- 
tors. A simple slide switch in the 
MicroTouch foot pedal controls the 
speed. 
Power Steering: A Challenge For 
Microswitches, Motors, And 
Gears 

Next, Minn Kota's motor experts 
joined forces with a team of gear 
specialists--the same people who 
design gears for all three US. 
automakers. Their objective: To de- 
velop an electric steering system 
consistent with Minn Kota's long-es- 
tablished standards for reliabilty and 
efficiency. They succeded, creating 
a very compact gearmotor drive that 
withstood two years of rigorous test- 
ing and draws less than 1 amp when 
turning the motor. Switches to control 


Steering and power came next. Ex- 
isting, off-the-shelf switches were too 
bulky, or too delicate, or unreliable in 
the wet ourdoor environment. So a 
team of microswitch designers was 
assigned to create new kinds of wa- 
terproof membrane switches that 
could survive in the rough, wet world 
of fishing. The result of their efforts is 
a switch design so different it was 
patented. Built into the MicroTouch 
foot pedal, one of these patented 
Switches turns the steering motor 
right, another turns it left, and a third 
switches power on and off. They 
make reliable, toe-touch control a 
reality. 
Small Wire, Powerful Boat 
Control 

All MicroTouch control functions 
operate at low amperage. Thus the 
five-conductor wire connecting the 
pedal to the motor is flexible, and 
doesn't restrict pedal placement. At 
low amperages, there is по 
significant power loss, so an 18-foot 
wire is provided, permitting total, toe- 
touch control of the bow-mounted 
motor from anywhere in the boat. 
Now, in any kind of boat, a fisherman 
can have the bow-mounted control 
that used to be exclusively available 
in bass boats. And he can operate 
the motor from the front or back of 
the boat. For 1989, Minn Kota offers 
the Black (&white) Magic of 
PowerDrive motors in models with 
28, 36 and 41 pounds of thrust, and a 
new 3hp model that is Saltwater/ 
Sealed. PowerDrive motors, like the 
full line of 24 Minn Kota models, are 
made in Mankato, Minnesota. Minn 
Kota is the world’s largest manufac- 
turer of electric fishing motors. Ш 


HANDS-FREE CONTROL FROM ANYWHERE IN THE BOAT 


POWERDRIVE 


THE MOTOR THAT 
REVOLUTIONIZED 
REMOTE CONTROL 


In two years since its introduction, 
fishermen have bought more 
Minn Kota PowerDrive motors 
than all other remote control 
motors combined. 


Why the switch? 


One reason is the inch-high 
MicroTouch" pedal. It lies flat 


and lets you steer with a touch 
of your toe. 


Another is the thin wire—flexible 
as a phone cord—that connects 
the pedal to the motor. It's never 
in the way. And it's 18 feet long, 
so you can take control any- 
where in the boat. 


Finally there's the power. 
Minn Kota's legendary quiet 
power, with 28, 36 or 41 pounds 


of thrust, or a new 3HP model. 


Minn Kota's PowerDrive is the 
motor that revolutionized bow- 
mount control—with the quiet 
power that catches fish. 


THE QUIET POWER THAT CATCHES FISH 
1531 Madison Avenue, Mankato, MN 56001 
Phone 507-345-4623 


—THE 


WIDE-ANGLE 


An Ideal Choice 
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LENS 


For Outdoor Photography 


othing beats the trusty wide- 

angle lens for outdoor pho- 

tography. It's light and com- 

pact and offers great depth- 
of-field: An ideal combination of fea- 
tures for quick, candid shooting on 
the run when you don't have time for 
setting up tripods and worrying about 
critical focusing. 

The term “wide-angle” commonly 
refers to lenses with focal lengths 
wider than the standard 50mm lens. 
They are available in fixed-focal 
length models, like the economical 
28mm and 35mm lenses; as well in 
versatile zoom lens configurations. In 
fact, some of the new high-tech 
zoom lenses, like the Vivitar 28- 
210mm, offer everything from wide- 
angle to long telephoto capability in 
one compact lens. 

The so-called moderate wide-an- 
gles are perfect for shooting pano- 
ramic vistas and groups of people, 
and for "airing out" cluttered compo- 
Sitions in tight quarters. The most ex- 
treme ultra wide-angle lenses are 
more specialized tools, offereing a 
variety of creative possibilities for in- 
camera special effects, with their in- 
herent exaggeration of perspective. 
Moderate Wide-Angle Lenses 

Good substitutes for the standard 
50mm lens, the lenses in the 24- 
35mm range comprise the moderate 
wide-angles. They offer much great- 
er depth-of-field than the standard 
lens, permitting you to shoot fast 
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This dramatic perspective was achived in the Sea 
of Cortez with a Vivitar Series 1 24-70mm zoom, set 
at 24mm 


without the necessity of critical fo- 
cusing. These moderate wide-angle 
lenses are the best choice for gener- 
al scenic photography, and can even 
be used for people pictures without 
the distortion of perspective found in 
ultra wide-angle lenses. They also 
tend to be extremely lightweight and 
compact: Vivitar’s popular 24mm f/ 
2.8, for example, weighs a mere 6.7 
oz. and measures only 1.59 inches. 
Ultra Wide-Angle Lenses 

The ultra wide-angles offer exag- 
gerated perspectives for some dra- 
matic and unusual effects. Subjects 
close to the camera appear huge, 
while those farther away recede into 
the distance. These lenses, like the 
new Vivitar 19mm f/3.8, offer incredi- 
ble depth-of-field; under most cir- 
cumstances virtually everything from 
about 10 inches from the camera to 
infinity will always be in sharp focus, 
so critical focusing is unnecessary. 
The ultra wide-angle lenses are 
paticularly useful for taking candid 


This new Vivitar Series 1 24-70mm zoom offers a unique ultra 
wide-to-shot telephoto focal range and superb resolution. 


Taken off the coast of the English fishing village of 
Clovelli, with a Vivitar Series 1 28-90mm zoom set at 
35mm. 


E 


Expansive vistas, like this shot during a decent of 
Mount Ranier, are ideal subjects for wide-angle 
lenses, This shot was made with a Vivitar Seriess 1 
28-90mm Zoom at 28mm. 


people shots. If you place your sub- 
jects off to one side of your composi- 
tion, they won't even realize you are 
taking their picture, because it will 
appear as though you are pointing 
the camera in a different direction. 
Avoid close-ups of people, however, 
or your subjects will end up with 
huge noses and eyes that look a mile 
away. 
Wide-Angle Zoom Lenses 

As mentioned, zoom lenses with 
wide-angle capability offer unsur- 
passed versatility for outdoor travel 
photographers who wish to travel 
with a minimum of gear. Some 
zooms, like the new state-of-the-art 
Vivitar Series 1™ offer wide-angle to 
short telephoto lengths. This pre- 
mium Vivitar lens is ideal for every- 
thing from series shots to portraits. 
Also available are the wide-angle to 
long telephoto zooms that offer 
greater range for sports and wildlife 
photography. The Vivitar 28-210mm, 
for example, does the work of six 
fixed focal length lenses, and is ver- 
satile enough to handle virtually any 
photographic situation. Vivitar also of- 
fers a sophisticated 28-200mm auto 
focus zoom, designed specifically for 
use with Minolta Maxxum auto focus 
cameras. M 


Penguins courting on 
the frozen tundra. 

A private moment. 
A special memory. A great 
photograph. 
Whether your 
travels take you to 
Antarctica or to the 
neighborhood park, you 
deserve to experience your 
most treasured images 


; through the sharpness and 
4 b clarity of Vivitar Series 1° 


Embrace the moment. 


optics. 

Take our new Series 1 
100-500mm zoom. A nature 
photographer's dream, 
offering an enormous focal 
range for discreet shooting at 
extended distances. Yet small 
enough to fit inside your 
gadget bag, and light enough 
for hand-held shooting. 

And because the optics 
in your binoculars should 
be as sharp as those in your 
finest lenses, we've created 
Series 1 Binoculars. They're 
compact and elegant, with 
all the features and perfor- 
mance you expect of Series 1. 

For an intimate look at 
life's special moments. 


Vivitar Series 


©1988 Vivitar Corporation, 8350 DeSoto Avenue, Chatsworth, CA 91311 Excellence in optics. 


In Canada: Vivitar Corporation Ltd /Ltée, Ontario. 


GAS GRILL OWNERS LOOK! 
STOP GREASE FIRES, USE 


SMOKIT 


SMOKIT* 
ONE PIECE 
CERAMIC SLAB 
OFBRIQUETTS 


US. PATENTS 
1043312 
1276 869 
4351313 

OTHERS PENDING 


BURNER 


The revolutionary new "SMOKIT*"" 

smoker slab is a one piece-high temperature 
ceramic slab of artificial coals designed to 
replace loose artificial coals provided as 
original equipment in most modern gas 
barbeque grills. 

“SMOKIT®” delivers the rich smoked flavor to 
your favorite cuts of beef, pork, fish or poultry 
while you cook virtually unattended, without 
flare up or grease fires! No more burned meat! 
"SMOKIT*" Fits the following manufacturers! 
ARKLA • BROILMASTER • BRADLEY 
CHARMGLOW * EL PATIO • FALCON • PATIO 
KITCHEN * ROPER • SEARS STRUCTO • TURCO 
See your dealer or write for details... 

SMOKIT* M791 M821 S801 5822 5851 
‘SIZE 22x12_19x12_ 1690x134 169x115 16x11 


DEALER INQUIRIES INVITED 


ONLY $29.95 EACH INCLUDES DELIVERY ANYWHERE IN THE U.S.A. 


1 Credit card customers can order by phone: 
TOLL FREE: 1-800-727-0326 
| Send M791 Smokit 22" x 12" at $29.95 each. 
Send M821 Smokit 19" x 12" at $29.95 each. 
1 Send. S801 Smokit 1694" x 1374” at $29.95 each. 


Send 5822 Smokit 16%" x 111" at $29.95 each. 


| 
| 
| 
| 5 S851 Smokit 1654" x 11 at $29.95 each. 1 
1 You must provide make and grill model. 1 
CHECK: Гува D MasterCard 
| C Check" C Money Order | 
| “No delays in processing orders paid by check | 
Acct. No. Exp. Date. 
| PLEASE PRINT CLEARLY | 
[= | 
Address: дая 
| cw. | 
l ud Zip Code: 1 
| не | 


Missouri residents add 5.725% Sales Tax. Sorry No C.0.0. orders 
SEND ALL ORDERS TO: 
ps. INC. 2661 Metro Blvd., Maryland Heights, MO 63043 


SPECIAL ADVERTISING SUPPLEMENT 


OUTBOARD 
~ ENGINE 
MAINTENANCE 
— TIPS FOR THE 


“DO IT 


YOURSELFER” 


oday's modern outboard en- 

gine is a far cry from the old 

“rope-pull,” "clamp-it-to-the- 

transom" putt-putt that 
grandad used to own. Now it's com- 
mon for many current model ош- 
boards to come standard equipped 
with features like automatic oil injec- 
tion, power trim and tilt, I.C. ignition 
systems, and thru-prop exhaust. And 
because of these rather sop- 
histicated technological improve- 
ments, some outboard owners are 
apprehensive about tackling even 
the most routine maintenance serv- 
ices. 


According to the technical serv- 
ices department of American Suzuki 
Motor Corporation's Marine Division 
in Brea, California, outboard owners 
needn't feel intimidated by modern 
outboard motors, especially when it 
comes to performing basic mainte- 
nance. In fact, outboard owners are 
doing themselves and their outboard 
motor a big favor if they make sure 
that proper care is being provided. 
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Not only will this help the engine run 
better, but it will also promote greater 
dependability and, ultimately reduce 
future repair costs. 


Suzuki's Marine Division suggests 
that all outboard owners should first 
consult their owner's manual regard- 
ing recommended maintenance pro- 
cedures before starting to work. If the 
job appears too complicated and is 
not detailed with step-by-step in- 
Structions in the owner's manual, it is 
probably best left to a certified ma- 
rine mechanic. 

Generally, outboard owners are 
encouraged to apply lubrication 
periodically to vital engine compo- 
nents such as the steering system, 
throttle/shift linkage, and the lower 
unit. Grease fittings, which are clearly 
identified in the owner's manual, re- 
quire the use of a common grease 
gun to insure that adequate lubrica- 
tion has been applied. Depending 
upon the environment and amount of 
usage, grease fittings should be 
serviced at least twice a year. 


[Continued on page 111 


IF YOU DON'T BUY 
A SUZUKI 55HP YOU 
COULD BE MAKING 


"CLASSIC" MISTAKE. 


According to one outboard manufacturer, their four-cylinder, 45HP outboard has 
been dubbed the "Classic? 

There’ a good reason for that. Its technology hasn't changed in at least 10 years. 

In contrast, Suzuki offers the latest marine technology in our 55HP and 65HP 
outboards. 

They're the largest displacement 3-cylinder engines in their class. Yet with I.C. 
Ignition and loop-charging, you'll get the most performance from every tank of gas. 

Suzuki's pre-atomized oil injection and calibrated Mikuni carburetors deliver a 
smooth ride, whether it’s a flat-out run or a day-long troll. 

And for longevity, we use stainless steel in areas where our competition settles for 
plastic. 

Even our warranty lasts longer: Suzuki's factory-backed 36 Month Limited 
Warranty, the longest in the industry. 

No, they just dont make them like the “Classic” anymore. 

Which is just one more good reason for buying a Suzuki. 


American Suzuki Motor Corporation, 3251 East Imperial Highway, Brea, CA 92621-1100, For your local dealer, call 1-800-447-2882. 


oating is taking a big turn for 

the better this year. It's al- 

ways been a great way to 

go fishing, cruising, camp- 
ing, water skiing, swimming, wild-life 
watching, exploring, day sailing. But 
now a new approach makes getting 
started and picking the proper boat 
much easier. 

Boats can be customized for any 
water-pleasure pastime, but some 
new owners aren't sure what they 
will need, and some experienced 
skippers don't want to go through all 
the extra chores of fitting out again. 
Now they don't have to. Here's how 
choosing your boat has been im- 
proved so much today. 

Putting It All Together 

This newest trend is call "packag- 
ing" and it makes sea-going sense. 
Now you can buy a new boat that, 
like a car, is truly ready to go. 

Want a runabout to use for fishing, 
towing the kids on water skis, cruis- 
ing the waterway on pleasant after- 
noons to entertain some friends? You 
used to look at all sorts of boats and 
then at the biggest motor the hull 
could handle. Add in the cost of the 
battery, controls, rigging, safety 
equipment, navigation lights, and 
your budget for boating might be 
shot. "And of course you'll need a 
trailer.” the dealer then might add, 
and you'd feel like you just fell 
through thin ice. 

No more. You find a dealer that of- 
fers packaged boats. Then look for 
that same perfect runabout. Tell him 
about fishing, skiing, cruising, your 
budget, and if you have an older 
model you are trading in. Here's 
what you may discover. 

The dealer can show you a pack- 
age that includes a 15-foot boat. 
You'll need to look closely to tell if it is 
made of marine aluminum or fiber- 
glass. Aluminum will probably cost a 
little less. This model may seat four or 
more, with seats that can be 
stretched into sun lounges or moved 
around for easier fishing. Steering 
wheel and control console are built in 
and are likely to be rigged with 
speedometer, switches for the built- 
in bilge pump and navigation lights, 
maybe a tachometer, depth finder, 
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engine temperature gauge and a 
cigarette lighter outlet for a plug in 
spotlight. Hardware can include a 
bow eye for the trailer winch cable 
and transom cleats for a water ski 
tow line. Live bait wells and rod cabi- 
nets are also built in. 

Clamped on the stern, a 30-horse- 
power outboard motor is hooked up 


to the steering and control cables as 
the second important element of the 
package. It may deliver speeds up to 
30 miles per hour, and be supplied 
with gas from a built-in tank. The mo- 
tor starts with power from the battery 
already installed as part of the pack- 
age. The engine can also be 
cranked over and started in an 
emergency with a rope pull. Engine 
tilt is set for best trim performance 
according to the gear you load 
aboard. The hull is probably rated for 
higher horsepower if you decide to 


My ыб 
-—— 
The sun comin up through 

steam. 


And my Johnson outboard. 


They say some things never 
change. And we believe that is good n 
Especially for anyone who has felt th 
early morning strike of a hungry pan! 
Or slipped a waiting net under a crafty walleye, or | 
Days like these should be long and peaceful. That's why, at Johr 
we make outboards you can depend on. 


Our two-cylinder compact Johnson® 30 out- 
d, for example, has our S.L.O.W.™ system, 
h not only warns of overheating, but also auto- 
cally reduces the engine ta 2500 үрт. And our 
able Johnson 8 is light enough to carry, but power- 
nough to plane a boat with two fishermen and 
+ gear. Like all of our compacts and portables, they 


trade up for more muscle sometime 
in the future. 

And to complete this matched se- 
lection, boat and motor sit attractive- 
ly on a custom-fitted trailer with the 
same color scheme. Rollers and 
pads are adjusted to the special hull 
design. Wheel bearings are water 
protected, tail and directional lights 
are immersion-sealed, winch on the 
tow tongue holds the boat securely 
aboard, and the rig is ready to lock 
on to the ball of your trailer hitch. Put 
life jackets and fishing tackle aboard, 
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gas up and you're ready to head tor 
the water. Your package boat makes 
it turn-key simple to go afloat. Figure 
this one will cost about $100 a month 
Over seven years, after a 20 percent 
down payment or trade in. For cash, 
it should run about $7,000. 

Looking for a ready-to-launch bar- 
gain? There are same-size aluminum 
fishing skiff packages for half that 
amount, sporting 20-horsepower out- 
boards in back, electric trolling mo- 
tors up front, yet all mounted on fitted 
trailers and aimed for any launching 


are fuel efficient and effortless to maneuver. To find out more 
about these or any of our other models, call 
1-800-255-2550 for the name of your nearest — 
inca dede: Beco fing with a юке 
is kind of like fishing with an old friend. 


“Johnson + 


ramp. 
Bonus Features 

Convenience is not the only ap- 
peal of these packages, however. 
Safety, servicing simplicity, added 
accessories, engine bargains, war- 
rantees are worthwhile extras. 

Because the engine, boat and 
trailer are matched up by the boat 
builder, there is less chance of any 
rigging mistakes by a local handy- 
man who must assemble a variety of 
brands and equipment. The stand- 
ardized work by the manufacturer 
should assure consistant quality. 
Servicing should also be simple 
when standardized craft come in for 
tune-ups and repairs. 

Mass purchasing by builders is 
bound to bring down prices of instru- 
ment selections and specialized 
hardware. Already, bass boats are 
appearing with advanced fish finders 
and electric gear included in the 
package price. 

Cutboard and sterndrive engines, 
purchased in volume, are making 
possible some of the attractive price 
tags, as well. Boat-motor-trailer 
combos are showing up with out- 
board motors named and styled to 
match the boat. A look under the 
hood of a lot of these private labels 
shows that the engines are made by 
the same dependable big com- 
panies that turn out the better known 
brands. 

And certainly as important as 
these other features аге that 
warranties provided for each pack- 
age. Length of coverage and some 
specifications may vary for hull, 
powerplant and trailer. All, however, 
are handled by the same packaging 
builder, and satisfaction should be 
easier if something needs fixing. 
How Big -- How Small 

Below lengths of about 14 feet 
there are fewer packaged deals be- 
cause craft this size can often be 
loaded on a car top or slid into the 
back of a station wagon or pickup 
truck. Exceptions are the little water 
scooters on their trailers. These, with 
their inboard water-jet engines, are 
best suited for trailer towing and 
launching. 

But that leaves a huge armada of 
rowboats, canoes and kayaks, fishing 
skiffs, dinghies, sailboats and 
inflatables that are  trailered 
occasionally but are not yet matched 
up with special engines and wheels. 


Continued on page 110 


may тэвэ | 107 


‘SPECIAL ADVERTISING SUPPLEMENT 


Introducing 


ICE EYES" 
FISH RAY" 


The FISH RAY™ is 


onar Super-snooper that 


Dim antage comme 
men have enjoyed for years. 
Simply dunk the muzzle in 
water and pull th trigger for 
precise readings of bottom 
depth and the "depth of fish as 
the through the sonar 
beam. 
Ice fishing with the ICE 
EYES™ LE 100. ICE EYES 
has the same scanning ability 


but will also penetrate up to 4' 


of solid ice. 


range. 


See fish at a glance with 
quick-change Liquid Crystal 
Display. 


Actual Size 


Bottom contours, schools of 
fish, and single fish are de- 
tected with accuracy to within 
six inches. 


—— 


———À 
سی‎ 
ра CER 


{тот a skiff, canoe, 
rubber raft, or even from an 
inner tube! 

FISH RAY & ICE EYES 
are at retail stores and other outlets 
across the U.S. Call toll free for 
the dealer nearest you. 


TOLL FREE 800-552-4263. 


Ask for our Free brochure. 


PROBEIll| 


electronics inc. 


ver wish you know exactly 

what was going on under- 

water so you could drop the 

line in exactly the right 
place? The FISH RAY 100 may be 
what you've been waiting for. 

This extremely light and compact 
hand-held sonar depth/distance me- 
ter can go right along in the boat with 
you. And it's as easy to use as a 
flashlight. Just put the muzzle in the 
water and pull the trigger. A large, 
easy-to-read liquid-crystal display at 
the rear will show the depth instantly 
and change when a fish passes 
through the beam. 


You'll be able to locate 
the ledges where the fish 
are hiding, and find the 


ones that got away. 
ڪڪ‎ SSS SS 


After the trip, just wash the muz- 
zle in warm soapy water and towel 
dry. You can get a padded carrying 
case for easy storage and mobility. 
Fish Ray, designed for fishermen, 
and two similar products, ICE EYES 
and DIVE RAY for divers and boat- 
men, are all engineered for rugged- 
ness and durability. They're housed 
in a waterproof, high-impact plastic 
shell that's impervious to oil, gas, 
diesel fuel, acids, and saltwater. 

FISH RAY. 100 can be your eyes 
underwater, as important to the suc- 
cess of your trip as your fishing rod. 
You'll be able to locate the ledges 
where the fish are hiding, and find 
the ones that got away. In salt water 
or fresh, the FISH RAY 100 could be 
standard equipment for every 
outdoorsman. It's not just another fish 
finder, it's Manta Hand Held Sonar. № 
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—— The Contemporary Boating Family and the 


Aluminum Boat Business 


A WORKING PARTNERSHIP 


ecause vital young families 

place a premium on the out- 

doors, the boating industry 

has stepped forward to pro- 
vide the outdoor activities they like. 
Boating fits into modern family life in, 
as one observer put it, "between ‘lots 
of plans’ апа ‘not enough time’.” To 
meet this new challenge, boating 
manufacturers have had to change 
the way they make boats to appeal 
to this outdoors-oriented culture. 

First consideration: materials. Alu- 
minum enjoys instant credibility 
among the outdoor-recreation-mind- 
ed because of its long-lasting 
properties and its ability to take just 
about anything a fast-moving family 
may dish out. 

Another significant trend: boat- 
motor-trailer packaging, which pro- 
vides the instant gratification today's 
time-crunched lifestyle commands 
both in the purchase and subse- 
quent use. 

Prospective boating families are 
looking for boats that offer the high- 
est quality at lowest cost. Thus the 
most successful companies are 
making maximum use of volume pur- 
chasing and other techniques to in- 
corporate in their boats every possi- 
ble feature while keeping the whole 
package at a competitive price. 

For example, Spectrum sells com- 
plete packages, including boat, pow- 
er-mated engine, and galvanized 
trailer at a single low package price. 
All twelve of its models (14- 19 feet) 
include at least some fishing-ori- 
ented features, with half of the model 
line developed solely to address the 
needs of the fishing market. All are 
outfitted for cruising as well, and the 
larger runabout-style models are 
equipped and powered for skiing. 

Spectrum also provides state-of- 
the-art design--for example, four 
models in 1989 feature an exclusive 
new construction breakthrough pio- 
neered with the Spectrum design. 

The same four models also fea- 
ture Blue Fin's new Dyna-Plane hull 
System, developed to bring alumin- 
um boat performance to new levels 
of excellence. 
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A quality builder of aluminum 
boats for 25 years, Blue Fin 
Industries is helping to recreate the 
image of the aluminum boat with 
completely-equipped, great-looking 
and easy-to-own packages. Blue Fin 


introduced the industry's first major 
line of nationally-available aluminum 
boat packages two years ago after 
being purchased by Bayliner-US 
Marine. In short order, it has grown to 
a $40-million-a-year leader, with 
sales more than quadrupling twice in 
two years. Blue Fin has coupled the 
savings associated with volume pur- 
chasing and standardized produc- 
tion with a tradition of craftsmanship 
to contribute to the affordabilitly and 
popularity of aluminum boating. NI 


UM 1706 


IN THE INTEREST OF 
LINE TIME 


Blue Fin Introduces the Spectrum 1706 


For the hard-core, all-around 
fisherman who can't stand to have 
the weather interfere with his “line 
time”, Blue Fin introduces the new 
Spectrum 1706. 

Here's an all-weather, all-season 
fishing machine that features a 
wingless, walk-through windshield 
and a long-lasting, double-stitched 
convertible top that will keep you 
out of the elements and on the 
water longer. 

The 1706 boasts plenty of free- 
board for dry runs, super stability 
from a “wide body” beam and a 
semi-vee hull design for slicing, 
smooth rides. 

The Spectrum 
1706 comes fish- 


By BLUE FIN 


ready with quality standard features. 
From the three moveable, socket 
pedestal fishing seats, aerated 
livewell, bilge pump and lockable rod 
box to the custom-formed console 
with illuminated instrumentation, fish 
finder and AM/FM cassette stereo, 
you're going to get more boat for 
your buck than from anyone else! 

With a strong Force 50 outboard 
and a matching, galvanized trailer, 
all that's missing from this full value 
package is you, your fishing gear 
and the water. 

Line time's a fine time if you can 
do it...and you can do it with the 
Spectrum 1706. 


cup] 


I Anafiat ol US Marina, a Валам Company | 
I PULL Please rush my FREE CATALOG and the name of my 
7 1706 nearest Spectrum dealer. 
- SPECIRUM — 
I Address 
I " Phone 
I City State Zip 
П PO Box 3900, Dept. 549F, Peoria, IL 61614-0896 


"Manufacturer's suggested retail price in effect at participating dealers. Actual prices set by dealer. Taxes, registra- 


tion, freight, options and dealer prep charges extra. Prices, specifications and features may change without notice. 
m шш шо eee шшш эшш ышы 
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WANTED: 


——OUTDOORSMEN 


ooking for a premium quali- 
ty, affordable spotting scope 
to take anywhere the out- 
doors beckons? Celestron's 


spotting scopes are for you. 
Celestron offers a range of spotting 
scopes that combine the highest 
quality precision optics and the most 
modern design features to give you a 
versatile, streamlined visual or photo- 
graphic instrument of incredible 
quality. Every Celestron spotting 
Scope provides you with high con- 


trast, sharp images edge-to-edge. 
Excellent light gathering ability to 
light up even the dimmest days. 
Powerful yet portable precision op- 
tics built to withstand rugged use in 
the field. Each with the finest 
coatings and designs to reduce glare 
and increase brightness. 
Binoculars, too! 

In addition to spotting scopes, 
Celestron's complete binocular line- 
up offers the sports minded every- 
thing from 8x21 minis to gigantic 
20x100's. All with the same superior 
optical quality that has made 
Celestron the telescope leader for 
over 20 years. They are so confident 
of our quality that they provide a lim- 
ited lifetime warranty on each scope 
and binocular they sell. Expand your 
enjoyment of the outdoors. Take 
along a Celestron spotting scope or 
binocular. I 


ENS 
= 
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EW SPOTTING SCOPES 
“AFFORDABLE OPTICAL 
EXCELLENCE” 

Get the best optical value 
for your dollar with 
Celestron's lineup of 
Premium quality spotters. 
Great for birding, sports 
events, target shooting, 
general purpose viewing 
and much more. 

Celestron, long the leader 
in high quality astronomical 
telescopes, brings you the 
sharp contrast, vivid images 
you demand. in models 
ranging from a 60mm zoom 
to a bright 31⁄2" aperture 
C90. Compact and 
lightweight enough to 

take to the mountains, on 
vacation or just in your 
own backyard. 

And most models can 
attach to a 35mm SLR 
camera to record your 
favorite views on film. 


See your Celestron dealer 
today for a demonstration 
or write Celestron Intl. for 
a free color brochure. 


2835 Columbia Street + Torrance, CA 90503 [USA] 
Telephone: [213] 328-9560, (800) 421-1526 [Continental USA] * Fax: [213] 212-5835 • Telex: 182471 


PRIZE PACKAGES 
Continued from page 107] wmm 


Already, however, dealers are mat- 
ing and rigging these minis with suit- 
able power and controls. Expect to 
see smaller craft packaged to some 
extent, and soon. 

Big boat-trailer combos are lim- 
ited only by highway laws. In general, 
87 feet width is about the limit for 
trailers without special wide-load 
permits. Cruisers and offshore fishing 
machines can approach 30 feet 
overall with 8-foot beams, and nar- 
row racing craft are even longer. 
Some, in fact, have special tilting 
trailers to turn a hydroplane on' its 
Side to make it legal. But larger cruis- 
ers tend to be custom built and have 
less reason to take advantage of this 
new package boat approach. Right 
now, rigs up to length of 28 feet are 
all matched up and ready to go. 
Trailer Tips 

A good boat deserves support 
from quality trailer bunks and rollers 
properly positioned under stringers 
and strength members in the hull. 
The builder who matches trailers to 
certain boats should be able to plan 
the best in hull support. 

Each year trailers gain in impor- 
tance as more owners store boats 
aboard them ashore part of the year, 
take longer trips with the rig in tow, 
and even occasionally use a trail- 
ered cruiser asa recreational vehicle 
for overnighting at campgrounds 
along the way to a distant launching 
site. Pick a package with a dependa- 
ble trailer, and a skipper can head 
out for almost any waterway that has 
a launching lift or ramp. 

Packaging vs. D-I-Y 

Combo boats, of course, aren't 
going to replace other pleasure craft. 
There are too many independent 
skippers who want boats too small, 
too large, too customized and differ- 
ent to fit on a trailer and meet mass 
market needs. These are the boat- 
men that want to pick their own 
favorite engine, rig it their special 
way, and build in the compartments 
and comforts, gear and gadgets, ex- 
tras and accessories for a 
personalized craft that's distinctly 
their own. But this year a growing 
number of boatmen are going to take 
a closer look at boats that will require 
no fitting out and fixing for a fast 
gettaway to water fun. For them, 
that's the prize in every package. ша 
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OUTBOARD ENGINE 
MAINTENANCE 
Continued from page 104] mmm 

All outboard engines contain gear 
oil in the lower housing. This oil 
should be changed no less than 
once a year and can easily be done 
when the engine is out of the water, 
either on the boat or attached to an 
engine stand. In order to change the 
oil, two threaded plugs, one above 
and the other beneath, must be 
removed from the lower unit casing 
which will allow the used oil to drain 
out. Once all the old oil has emptied, 
fresh oil may be replinished through 
the bottom opening. Continue to add 
oil until it begins to flow out of the top 
hole. Then insert the two plugs, 
tighten, and the changing process is 
complete. 

To prevent the propeller from be- 
coming stuck on the propeller shaft, 
remove it at least twice a year and 
spread a small amount of grease 
evenly around the prop shaft and 
propeller hub. This will minimize cor- 
rosion build-up and allow the propel- 
ler to be removed without the aid of 
special tools. 


To keep an engine running at 
peak efficiency, periodically check 
the condition of the spark plugs and 
fuel filter. Again, consult the owner's 
manual to find the plug's correct size, 
gapping, and heat range. When 
installing new plugs, be sure not to 
over tighten. The owner's manual 
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— PROPER TRUCK CARE 
STARTS AT THE TOP... 


ne of the best (and first) 

things you should do for 

your new pickup truck is to 

top it off with a truck cap. A 
cap or camper shell not only adds 
style and attractiveness to your pick- 
Up, it provides important weather 
protection to extend the life of your 
truck. It does this by keeping rain, 
snow, dirt, and leaves out of your 
truck bed where they can cause rust 
and corrosion. And, depending on 
how you drive, it can improve the 
aerodynamics of your truck to help 
save fuel. 

Truck caps are available in a wide 
variety of styles and colors to fit virtu- 
ally every size domestic- and for- 
eign-built truck, including compacts. 
Leer, Inc. is the nation's leading pro- 
ducer of fiberglass апа aluminum 
truck caps for all pickups, with 800 
dealers nationwide. 


You work hard 
...and play hard! 


Here are a few tips on keeping 
your cap in top shape: 


1. Lubricate the sliding portions of the door 
props as well as door and window control 
rods each month. 

2. Use a clean damp cloth to clean Lexan 
bubbles or plexiglass windows. For stub- 
born dirt, use soap and water. Do not use 
ammonia-based cleaners. 

3. Check mounting hardware regularly. Caps 
should be bolted securely to the truck bed 
using 1/4" bolts. Cap clamps are suitable for 
temporarily securing caps if properly used. 
Get advice from your dealer on these. 

4. Regularly check the caulk used to seal 
windows and trim. Exposure to weather may 
in time dry it out. If you have leaks in these 
areas, re-caulk or apply clean silicone sealer. 
5. Fiberglass gel-coat surface colors are 
susceptible to weathering and should be 
thoroughly cleaned and waxed three or four 
times a year. Use a surface protectant to pre- 
serve and protect fiberglass as well as plas- 
lic and aluminum surfaces. 

6. Never drive your vehicle with the cap 
doors open. @ 


should provide a recommended 
torque setting. Likewise, fuel filters 
need to be inspected and cleaned 
periodically. The location and proper 
cleaning procedure should also be 
outlined in the manual. 

Modern outboards have never 
been more dependable and efficient. 
Still, a conscientious owner mainte- 
nance program will significantly en- 
hance the longevity and overall per- 
formance of the engine. I 


That's why you need 
the Gentry™ Truck Cap from Leer! It's 
built to suit your lifestyle. With a tough 
aluminum exterior; Leer's famous 
"Super-Cage" for maximum support; 
corrosion-resistant tip-out windows with 
safety glass and removable screens; 
and a smooth automotive finish. 
Come on! Toughen up. With 
the hard-livin' Gentry™ 

from Leer! 
* Restrictions apply 


nantly 

LEER 
The King Of Caps 
zs БТ? 


To find your nearest dealer, call, toll-free 


1-800-321-LEER 


©1988 Leer Inc. 
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LAKEFRONT 


Ever wonder 0 | ind out a Funship;" the affordable way to wake up to a million-dollar view. When 
you get tired eighbot Д M le e sun with Yamaha's quiet 90hp outboard. 
Its two-year fac ed w ind Pre rs of worry-free boating. 

For a free cata 4 549, 7 South Street, 


А sledlike transducer pulled above a 
suspected gas-line leak by a Philadel- 
phia Electric worker beams radar en- 
ergy some four feet down into the 
street. Radar reflections appear on a 
plotter in the truck. Later computer 
analysis of signals also displays a pat- 
tern indicating a gas leak (box above). 


his summer a team of avi- 
ation buffs plans to visit an 
isolated site near Green- 
land’s eastern coast. Their 
mission: recover a lost 
squadron of B-17s and P-38s that went 
down in 1942. Last summer the team 
used ground-penetrating radar (GPR) 
and other sensors to locate the eight 
aircraft. “The planes are still there, 
waiting to be salvaged from under two 
hundred sixty feet of ice and snow,” 
says Austin Kovacs, a scientist with 
the U.S. Army Corps of Engineers. 

The team set a record for this bizarre 
detection of aircraft on radar. But 
exotic—and commonplace—applica- 
tions for GPR are expanding: Law- 
enforcement agencies use it to locate 
buried bodies, evidence, or hazardous 
wastes. Scientists have discovered an- 
cient tombs, sunken 19th-century war- 
ships, and other objects with it. GPR 
can spot sinkholes under runways and 
track beds. An increasingly important 
use: pinpointing underground leaks of 
gas, oil, and water. 

GPR emerged during the war in 
Vietnam. “The Viet Cong were tunnel- 
ing underneath fences and guard sta- 
tions at Air Force bases,” says Rex 
Morey, founder of Geophysical Survey 
Systems in Hudson, N.H., a GPR pio- 
neer. Vietnam’s moist salty soil re- 
stricted radar penetration, but supplied 
data for future refinements. Today’s 
GPR uses antennas mounted on sleds 
that beam very high frequency (50 to 
1,000 megahertz) pulses of electromag- 
netic radiation into the ground. Re- 
flected energy is converted into distinc- 
tive squiggles and dots on graph paper, 


THAT SEES BENEATH 
THE GROUND 


Ground-penetrating radar recently pinpointed a lost squad- 
ron of World War II planes buried hundreds of feet in ice 
and snow. Among many other uses, utilities now locate gas 
leaks with radar instead of digging at the wrong sites. 


By NEIL McALEER 
Photos by John B. Carnett 


or the return signals are stored on 
tape for computer enhancement. 
Utility companies have an urgent 
need to "see" buried pipes. “In the 
United States there are some 800,000 
miles of gas-distribution lines with a 
yearly average of one leak per mile," 
says Fred Graf, a senior engineer for 
the Philadelphia Electric Co. Present 
detection techniques missthe leaks up 
to 30 percent of the time. So utilities 
spend tens of millions of dollars each 
year digging in the wrong locations. 
After four years of studies Philadel- 
phia Electric concluded GPR is best for 
locating underground gas leaks. The 
company has detected more than 100 


leaks with radar in its service area. 
"The pipe and surrounding soil become 
slightly dried by the leaking gas," says 
Graf. "It dries out to the point that 
radar can 'see' changes in the soil's elec- 
trical conductivity," which trained op- 
erators notice on displays. 

GPR is becoming easier to operate. 
"In the early days GPR was not highly 
regarded by many scientists because 
it was a difficult system to use and in- 
terpret," says Kovacs. "The systems 
now are much more user friendly." 
Eventually, new computer software and 
improved hardware should produce so- 
phisticated 3-D images of what's be- 
neath the ground. 05 
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Comanche Option Group * 4.0 Litre Power Tech Six, the most + Pioneer Trim Package, 


_ Powerful engine in its class silver styled steel wheels, 


: Aanual 5-Speed Overdrive Transmission and P215/75R15 outline 
Discount 2WD ALN + Intermittent Wipers white letter tires 


* 4.0 Litre Power Tech Six * Intermittent Wipers 


Comanche Option Group * Manual 5-Speed Overdrive Transmission * Dual Remote Mirrors 


* Pioneer Trim Package, silver styled Group 


Discount 4WD ALN steel wheels, and P215/75R15 outline 


white letter tires 


Comanche Option Group -Pioneer Trim Package including + Intermittent Wipers 
. silver styled steel wheels and P205 black * Dual Remote Mirrors 
Discount 2WD ALM sidewall tires 


* Intermittent Wipers 


Comanche Option Group 
Discount4WD ALM 


Why buy an ordinary 4x4 when you can buy a 


со equipped Jeep Comanche for less 
money than Toyota SR5 or Ford Ranger** 


7 Now 5 Comanche, like every Jeep, comes with 
70 Chrysler's exclusive 7-year/70, 000-mile Protection 
Plant What's more, Jeep Comanche has a higher resale value 
than Ford Ranger, Chevy S-10, Toyota, 

Mazda, and Nissan pickups: 

For more information, 


call 1-800-JEEP-EAGLE. 


eels and P205 black 


Then subtract. 


SAVE $1200: 
SAVE $1200: 
SAVE $700: 

SAVE $700: 
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JOIN THE AIR FORCE 
AND SEE THE WORLD'S 
MOST EXOTIC TERMINALS. 


Terminals that push pilots beyond their limits. 

Terminals where dogfights are played out 
with sweaty realism. 

Terminals where futuristic aircraft designs 
are modified in just seconds. 

Its all part of the most sophisticated 
computer technology in the world. 

And if you have 
the cm and the aptitude, you could become 
apart of it. 

Youll receive not only the highest-quality 
technical training, but guaranteed hands-on 
experience. Use equip- 
ment and technology 
so advanced, it may 
be years before the 
rest of the world even =: 
reads about it. 

But theres much 
more to the Air Force 
than mainframes and megabytes. 

We offer equally exciting opportunities in to- 
days most sought-after fields, Electronics. 
Medicine. Aircraft mechanics. Communications. Over 200 careers in all. 

Plus the chance to pick up college credits or 
even an Associate of Applied Science degree 
in the fully-accredited на 
of the Air Force. f 

Interested? Give us a call at 4 
1-800-423-USAF Youll find there are % 
some terminals where futures 
get off the ground. AIM HIGH. 


is like breaking the four-min- 
ute mile in track,” says Dan 
Arvizu, former supervisor of photo- 
voltaics at the Department of Energy’s 
Sandia National Laboratories in Al- 
buquerque, N.M. Arvizu and I stand 
in a darkened Sandia lab room watch- 
ing James Gee, a staff investigator, 
painstakingly position two thumbnail- 
sized rectangles on a copper pedestal. 
An actor in a spotlight, Gee works 
under a yellow shaft of noontime sun- 
shine. It comes from a xenon lamp. 
Gee fixes a pair of electrical probes 
to the small stacked squares, sits up, 
and disappears into the surrounding 
gloom. “Гуе just assembled our tandem 
solar cell,” he says quietly. “Under con- 
centrated sunlight it reaches a record 
thirty-one-percent efficiency level. The 
device is a sandwich: a gallium-arsen- 
ide cell made by Varian Associates in 
Palo Alto, Calif., and a crystalline- 
silicon cell fabricated at Stanford 
University. 
“The gallium-arsenide cell on top ab- 
sorbs the visible part of the solar spec- 


ЫЯ 6 opping the thirty-percent- 
LJ І | \ efficiency mark in solar cells 


trum, and the silicon cell on the bottom 
uses the transmitted infrared light 
that’s left,” Gee explains. “The idea be- 
hind tandem or stacked cells is that 
two or more PV materials can absorb 
the spectrum more efficiently than can 
a single material. This raises the ef- 
ficiency of the whole,” Gee says. 

Though the record-setting cell is cur- 
rently too costly to market, industri- 
al researchers are using the same 
stacked-cell strategy to boost the ef- 
ficiency of less-expensive commercial- 
grade solar cells, experts say. In the 
last few years, in fact, a range of solar- 
cell technologies has hit new perfor- 
mance marks as engineers apply in- 
sights derived from better understand- 
ing of photovoltaic materials and of 
semiconductor-device design. 

Years of research in government, in- 
dustrial, and university labs—much of 
which began in the days of the energy 
crisis—are bearing fruit, experts say. 
Besides demonstrating startling per- 
formance improvements, engineers are 
developing innovative manufacturing 
methods that may reduce production 

Continued 


NEW 
LIFE 


In laboratories record-high- 
efficiency solar cells are 
catching more of the sun’s 
rays. Meanwhile, robot 
factory lines spit out meg- 
awatts of cheaper photovolt- 
aic modules for stand-alone power systems. 
With the threat of global warming loom- 
ing, people are once more looking at pho- 
tovoltaic power as an alternative to fuel- 
burning utility plants. Is solar poised 
for a new burst of energy? 


By STEVEN ASHLEY 
Photos by John B. Carnett 
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TOP CELL 


ELECTRICAL 


costs. Meanwhile, industry has begun 
operating new automated factory lines 
for producing lower-cost current-tech- 
nology PV devices in larger volumes. 
And in the field, pilot-size solar power 
plants built years ago are showing that 
PVs can work for extended periods. 

The dream of clean, abundant low- 
cost solar power for the future has been 
around for a long time: no fuel to burn, 
few parts to fix, little supervision re- 
quired. It always was one of the bright- 
est options on the energy horizon. And 
POPULAR SCIENCE chronicled each new 
development in cover stories and fea- 
ture articles over the last two decades. 
Now it’s time to take the pulse of this 
key technology once more. I visited re- 
search labs around the country to ask 
experts to evaluate the state of the in- 
dustry and to point out the experimen- 
tal solar cells to watch. 


“We test PV modules here,” he says. 
“With today's fuel costs you'd like to 
get module costs down to at least one 
to two dollars per peak watt—the 
power output in midday sunlight. Now 
it's more like four to six dollars.” 

The sun had cleared the mottled- 
brown mass of Sandia Mountain, and 
the lab's photovoltaic arrays—giant 
high-tech sunflowers on metal stalks— 
had raised their variegated foliage to 
the sun. Boes and I pass different va- 
rieties of solar collectors standing in 
rows around the fenced-in field like ex- 
otic crops in a garden plot. Several box- 
and barrel-shaped arrays sheathed in 
thin plastic lenses refract spectacular 
multifaceted rainbows from the glow. 

Other dark-faced solar panels, ar- 
mored in playing-card-size squares of 
indigo, blue, and black, lie in ebony 
rows like huge fallen dominoes. We 


Solar plants 


"The basic problem with the solar 
industry is simple: High-performance 
solar cells cost too much," explains El- 
don Boes, the photovoltaic projects 
manager at Sandia Labs, as we stroll 
into the facility's solar-array test field. 


SUNLIGHT 
CONCENTRATOR 
ARRAY 


7 PLASTIC LENSES N 
FOCUS SUNLIGHT 
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Arco Solar’s 6.5-megawatt Carissa Plain solar-power sta- 
tion near San Luis Obispo in California (above right) is 
the world’s largest PV power plant. The silicon array 
produces more than 13 million kilowatt-hours of electric- 
ity a year, enough for more than 2,300 homes. The world’s 
highest-efficiency PV device, the stacked solar cell assem- 
bled at Sandia National Laboratories (left and above) has 
a gallium-arsenide top cell attached to a crystalline-silicon 
bottom cell. In tandem the cells convert 31 percent of the 
incoming sunlight's energy to electricity by allowing pho- 
tons from different regions of the solar spectrum to gener- 
ate current in the two layers of photovoltaic material. The 
transparent upper cell, supplied by Varian Associates re- 
sponds mostly to visible light, while the lower, produced 
by researchers at Stanford University, operates in the 
infrared portion of the spectrum. By acting as a solar 
sieve, the two PV layers make better use of the incoming 
solar spectrum than a single layer can. Varian engineers 
designed the gallium-arsenide cell so its top electrode grid 
pattern matches that of its bottom, which allows more 
light to pass through to the silicon cell. The cells are to be 
mounted beneath arrays of lenses that concentrate sun- 
light up to 500 times. 


watch as they shift silently toward the 
sunlight like sluggish seesaws. Vola- 
tile fluids within their hollow support 
frames vaporize gradually in the sun’s 
heat as shadows shorten, overbalancing 
the panels by degrees as the s 
s. "Crystalline-silicon PV 
rk quite well. That 

convert a good portion of the light to 
electricity—maybe twelve percent — 
over a long period of time," says Boes. 
"The problem," he explains, "is that 
they're made out of many silicon waf- 
ers individually sliced from crystalline 
ingots, treated, and then soldered to- 
gether into a module. This labor-in- 
tensive production process leaves the 
modules too costly—maybe four to six 
dollars per peak watt—to compete with 
cheap fossil fuels." 

*So how do you make solar power 


cheaper?" Boes asks. “Опе highly ef- 

fective way is to increase the solar-cell 

efficiency, as Gee and his colleagues 

and many other research groups are 

attempting. If you double the conver- 

ion efficiency, you more than halve the 

S s requiring fewer 

modules, there are fewer support struc- 

tures, and less wiring, land, and in- 
stallation labor needed. 

Eve: often motors whir and click 
as they drive rows of ray-catching fres- 
nel lenses in unison to follow the sun. 
With each sudden studied movement 
new spectral color splashes around the 
test field. Boes gestures toward the var- 
ious lensed units and continues, “An- 
other school of thought says: If good 
cells are so expensive, rather than cov- 
ering your collectors with costly cells, 
cover them with cheap acrylic lenses 


you get from each cell.” But concen- 
trators, he adds, require motorized two- 
axis sun-tracking systems. This extra 
cost plus the need for direct sunlight 
makes them promising mainly for 
ystems in are; 3 


"Another way," says Boes, “їз to make 
inherently inexpensive PV materials 
that work pretty well and lower the 
cost that way. This avenue has success- 
fully provided electricity for consumer 
electronics and small power s; 

Boes points off to one side where four 
rows of black rectangular pan cored 
with delicate silver grid lines lean back 
catching some rays. “Sovonics/ECD, 
Chronar, Solarex, and Arco Solar make 

Continued 
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Photovoltaic devices are similar to semiconductor diodes in both 
construction and operation. A common "'p-i-n" solar cell is shown 
below left. The photoelectric effect (below right), which serves as 
the basis for solar-cell operation, applies to the semiconductor atom’s 
outermost electrons. Silicon, the leading solar-cell material, has 
four valence electrons, which are shared with nearby atoms to form 
bonds. When a photon strikes an electron (below right), it becomes 
mobile—that is, able to conduct. The freed electron moves away 
from its parent atom, leaving a “hole” at its previous position. In 
an untreated PV material, a freed electron soon loses its extra en- 
ergy and falls back into a hole without effect. To prevent this re- 
combination, PV devices have junctions of modified semiconductor 
PV materials that produce an electrical potential (voltage) across 
the cell. Silicon PV junctions are produced by doping—adding 
impurities—to change the pure material's electrical characteristics. 
One layer of the device is made ‘‘n-type” by introducing atoms that 
contain one more valence electron than do the silicon atoms. The 
other side is made “p-type” by doping with atoms having one fewer 
electron than silicon. When the doped layers are assembled around 
an undoped or "'i-type" layer, excess electrons on the n side move 
across the junction to fill vacant sites on the p side, which gives the 
p region a net negative charge. Excess (positive) holes move in the 
opposite direction, making the n side positively charged. The 
resulting charge imbalance creates an electric potential across the 
device. When electrons in the i layer intercept incoming light and 
become mobile, they move toward the n side. Electrical contacts 
there then draw them off into the circuit. 
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Solar cells produce current only from 
the light photons with energies 
exceeding the material’s “band-gap” 
threshold—the energy required to 
move an electron from the bound 
valence state to the mobile conductive 
state. Sunlight includes photons of 
many wavelengths and, therefore, 
energies. A PV device, however, ab- 
sorbs only those photons with suffi- 
cient energy to free valence electrons 
—photons with energies above the 
band-gap level. Photons with energies 
below this band-gap threshold pass 
through with no effect. Higher-energy 
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photons are also absorbed, but the 
energy that exceeds the band gap is 
wasted as heat. In stacked cells, one 
PV layer absorbs the portion of the 
spectrum it converts most efficiently 
while others efficiently absorb other 
regions of the spectrum, providing 
the device as a whole with better 
output performance. In one approach 
to stacked solar cells, Arco Solar 
researchers are testing tandem devices 
of thin-film silicon and copper indium 
diselenide, which they hope will pro- 
duce high conversion efficiencies at a 
reasonable cost. 


these thin-film amorphous-silicon mod- 
ules. The manufacturing costs are po- 
tentially low—on the order of a dollar 
per watt—because they need little 
photovoltaic material and they can 
be mass-produced. But their conver- 
sion efficiencies are also rather low— 
around five or six percent—so you need 
a lot of them to produce a reasonable 
amount of power, and that ups the cost.” 
The Department of Energy, through 
the Solar Energy Research Institute in 
Golden,Colo., he notes,funds research 
on many thin-film PV technologies. 


Stacked amorphous 


It’s not overly surprising to learn 
that many industry observers pick 
thin-film amorphous (non-crystalline) 
silicon technology as having the inside 
track to utility-scale power generation. 
Since its introduction in 1979, amor- 
phous silicon has become the fastest- 
growing market segment and now ac- 
counts for two-fifths of the global trade. 
“It’s a natural progression,” says David 
Carlson, general manager of Solarex’s 
thin-film division in Newtown, Pa. 
“Amorphous silicon has been success- 
ful because you can lay down thin coat- 
ings onto inexpensive substrates rel- 
atively easily and cheaply. What is 
holding it back is its low efficiency.” 

The chemical-vapor-deposition appa- 
ratus used to make such cells varied 
little among the factories and labs I 
visited. Using large vacuum chambers 
filled with precisely controlled mix- 
tures of silicon and hydrogen gases and 
small quantities of various doping 
agents such as boron, technicians de- 
posit micron-thick films on glass or 
stainless-steel substrates. Radio-fre- 
quency coils inside the reinforced 
tanks generate electromagnetic fields 
that ionize the gases. The ionized 
atoms in the resulting hot plasma plate 
out one by one on the substrate sur- 
face, which is kept at several hundred 
degrees Celsius. Layers with the spe- 
cial opto-electronic properties are pro- 
duced by adding different dopants to 
the gas mixture during progressive 
deposition cycles. Other deposition 
stations along the production line 
lay down additional anti-reflective 
coatings as well as films that provide 
electrical conduction and protective 
encapsulation. 

Major amorphous-silicon manufac- 
turers are cutting labor costs and rais- 
ing fabrication rates by installing large 
production lines that use automated 
equipment such as robot materials 
handlers, conveyor belts, scribing la- 
sers, and computerized precision pro- 
cess controls. For instance, Chronar 
Corp. in Princeton, N.J., is testing 
a new line designed to produce 10 
megawatts of amorphous PVs annually 


when it is completed in early 1990. The 
enhanced capability of this line was 
demonstrated recently when it fabri- 
cated a monolithic PV module 2.5 by 
5 feet—among the world’s largest. 

Like the record-setting DOE-Vari- 
an-Stanford cell, amorphous silicon 
can reach higher efficiencies by play- 
ing the stacking game. “Stacking amor- 
phous silicon with certain silicon-ger- 
manium alloys is one of the widely in- 
vestigated ways to raise efficiencies,” So- 
larex's Carlson explains. “The silicon 
absorbs the visible light while the sili- 
con germanium collects the infrared 
light, which increases the total light 
the cell collects. 

“We calculate that the practical 
efficiency limit for amorphous silicon 
alone is maybe fifteen percent,” he 
says. “The potential efficiency of a 
stacked amorphous and silicon-german- 
ium cell is twenty-five percent or more. 
That leaves a lot more room for im- 
provement. And that’s why people are 
studying this approach. The real 
beauty of it is that all you have to do 
to make these stacked cells is to add a 
few more deposition chambers to a 
standard production line,” Carlson 
adds. 

“The key now,” he concludes, “is to 
develop improved silicon-germanium 
alloys with the electrical properties 
that will allow a solar cell to achieve 
those high-efficiency values. This is 
where a lot of the proprietary research 
is going on now. It’s not far off; we ex- 
pect to see high-efficiency stacked amor- 
phous silicon cells in the early ’90s.” 

Many experts point to Energy Con- 
version Devices in Troy, Mich., as the 
probable leader in advanced amorphous- 
silicon technology. ECD has been man- 
ufacturing six-percent-efficient tan- 
dem panels for two years. 

“We solved the fundamental prob- 
lems of making stacked cells long ago,” 
says Subhendu Guha, vice president 
for photovoltaics. “Right now we de- 
posit six layers of amorphous silicon 
onto one-thousand-foot rolls of four- 
teen-inch-wide stainless-steel sheet 
in an automated process. One three- 
layer cell absorbs mostly blue light. 
As we deposit the other silicon cell, 
we play around with the process con- 
ditions so that it absorbs more yellow 
and red light. The tandem layers are 
more efficient.” 

But in ECD’s view the real payoff 
comes when a film of silicon-germani- 
um alloy is added to the layer cake. 
Notes Guha: “This layer absorbs the 
red and the infrared light, which 
further extends the cell’s absorption 
range. We've demonstrated cells with 
13.7-percent efficiency and foot-square 
modules rated at 8.4 percent—the 
world's highest for amorphous silicon. 


We're convinced that we can make ten 
percent triple-stack amorphous mod- 
ules by the end of 1989," he notes. 
*ECD engineers are designing the ma- 
chines to produce them right now" 


Light degradation 


Amorphous silicon might not have 
had to go the stacked-cell route had a 
major barrier to higher efficiencies 
been overcome. Says Guha: “Amor- 
phous silicon’s big problem is that its 
efficiency degrades by about ten to fifty 
percent when it’s exposed to light. This 
is known as the Staebler-Wronski ef- 
fect, named for those who reported it 
first in 1977.” In fact, it’s one of the 
most investigated phenomena in PV 
research. 

“Amorphous silicon has no long- 
range order. That is, the silicon atoms 
are jumbled throughout the material 
in no particular order,” Guha explains. 


current output. Annealing of the sili- 
con by the sun’s heat removes new dan- 
gling bonds, Guha adds, and the op- 
posing processes—defect formation 
versus annealing—eventually reach an 
equilibrium state. The result is a mod- 
erate decline in the original efficiency, 
but it’s enough to hinder amorphous 
silicon’s progress. 

Though the Staebler-Wronski effect 
can be minimized by avoiding defects 
by adding the right amount of hydro- 
gen to “tie up” the dangling bonds, and 
by making the films in the stacked cells 
so thin that the electron-hole pairs are 
never far from the electrodes, no one 
has so far managed to eliminate it 
completely. 

The rapid progress of a new polycrys- 
talline photovoltaic material called cop- 
per indium diselenide has created a 
good deal of excitement among PV re- 
searchers. CIS, as it’s known, was just 


“The absence of crystalline structure 
means that many silicon atoms do not 
bond strongly with their nearest neigh- 
bors as they would in a crystal.” This 
occurs because many atoms are miss- 
ing from the positions they’d inhabit 
in a regular crystal lattice. 
“According to the conventional wis- 
dom,” he continues, “those weak bonds 
break when they are exposed to sun- 
light, forming defects called dangling 
bonds that can serve as sites where 
electron-hole pairs recombine.” When 
this occurs, he says, the pairs never 
make it to the electrodes, thus cutting 


another PV candidate a few years ago, 
but during the last year engineers at 
Arco Solar in Camarillo, Calif., have 
demonstrated a square-foot-sized panel 
with an 11.1-percent efficiency, the 
highest of any large-area thin-film 
device. 

“The rapid evolution of CIS is truly 
remarkable,” says Larry Kazmerski, 
principal scientist at the Solar Ener- 
gy Research Institute (SERI) and an 
early investigator of the material. CIS 
offers many intrinsic benefits: “It has 
a wide band-gap window, meaning it 

[Continued on page 156] 
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t was August 1945. “Consider 
a future device,” wrote Dr. 
Vannevar Bush, director of the 
US. Office of Scientific Re- 
search and Development, “in 
which an individual stores all his 
books, records, and communications, 
and which is mechanized so that it 
may be consulted with exceeding speed 
and flexibility. It is an enlarged inti- 
mate supplement to his memory.” 

Bush’s imaginary device, called a 
memex, had the storage capabilities 
of a modern computer. But instead of 
searching through alphabetical or nu- 
merical files, his machine operated by 
association, the way the human mind 
does: “With one item in its grasp, it 
snaps instantly to the next item that 
is suggested by the association of 
thoughts, in accordance with some in- 
tricate web of trails carried by the cells 
of the brain.” 

Now, more than 40 years after Bush 
proposed it, the memex is here. But 
it doesn't look like the device Bush de- 
scribed. In its present state, it’s just a 
handful of diskettes and optical discs 
that fit into conventional-looking com- 
puters and disc players. Except that 
when you put all the pieces together, 
they do something new: They let you 
organize huge libraries of words, pic- 
tures, and sounds in forms that cor- 
respond to human thought. Let's say 
you're browsing through movie list- 
ings and “The Wizard of Oz" catches 
your eye. With the touch of a button, 
you can not only view a clip of the 
film, but also read the director's bio- 
graphy or look at a portrait of Judy 
Garland. In a hypermedia system ev- 
erything is connected, so it's easy to 
roam from subject to subject or to ex- 


plore different areas of a single sub- 
ject. This new way of integrating 
information is already appearing in 
workplaces and schools. Апа as engi- 
neers find cheaper ways of storing and 
displaying the massive amounts of 
data required for hypermedia, it will 
show up in homes as well. 


One big file 


Hypermedia began with hypertext— 
nonsequential reading and writing in 
which you have instant access to a mul- 
titude of text selections. If this article 
were written in hypertext on your com- 
puter screen, you wouldn't have to read 
the sentences in order. You could jump 
from one section to another, view a foot- 
note, or look up a word in a glossary. If 
you skip around in a normal, or linear, 
text (only a few authors, like William 
Faulkner and Vladimir Nabokov, have 
experimented with nonlinear forms), 
it probably won't make sense. Not 
so with hypertext, which is compart- 
mentalized and mapped out with logi- 
cal pathways for you to follow. And 
when the pathways lead not only to 
other text blocks, but also to photo- 
graphs, movies, 3-D graphics, and ste- 
reo sound—so that you can see and 
hear the thing you're reading about— 
hypertext becomes hypermedia. 
Seated at work stations in their dor- 
mitories, Cornell University Medical 
College students use a hypermedia pro- 
gram to study case histories of patients. 
*When I was a medical student, you 
sat there in the beginning of the year 
with a medical dictionary halfthe time 
because you didn't know the terminol- 
ogy," says Dr. Steven Erde, who devel- 
oped Cornell's system. Now if a student 
doesn't know what an adenocarcinoma 


is, he can consult an illustrated glos- 
sary on the spot. And instead of read- 
ing about a patient's X-ray or CAT 
scan, he can look at it. A student study- 
ing normal lung tissue in a histology 
course can find out what abnormal tis- 
sue looks like by jumping to a pathol- 
ogy lecture. "This information would 
be scattered all over a textbook, but 
it's instantly at your retrieval here," 
says Erde. 

“We've been constrained by the book 
and also by the videotape because 
they're linear," says Jan Lewis, the ed- 
itor of HyperAge, a magazine that spor- 
adically covers the nascent industry. 

Computers alone can't solve the prob- 
lem. “In ordinary computer storage you 
have to keep copying files in order to 
reorganize them," says Ted Nelson. 
That takes time and wastes memory. 
Nelson, who speaks in hypertext and 
has a business card that reads “Соп- 
troversial Computer Visionary, Critic 
and Generalist,” coined the word “hy- 
pertext" about 25 years ago. He's 
been crusading against the "tyranny 
ofthe file" ever since. "According to Ted, 
there's only one file,"says Eric Lyons, 
director of technology at Autodesk, 
which owns an interest in Nelson's 
hypermedia research company. 

In 1968 Nelson and Andries van 
Dam, who is now at Brown University 
in Providence, R.I., created a primitive 
hypertext system that was later used 
to organize documents for the Apollo 
moon missions. That same year Doug- 
las Engelbart, inventor of the mouse, 
introduced NLS (for oN Line System), 
which allowed scientists at the Stan- 
ford Research Institute to link docu- 
ments in mainframe computers. 

But until recently there was no hard- 


Hypermedia 
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By DAWN STOVER 


First came hypertext—computer documents linked 
together in an associative fashion, like human 
thoughts. Now hyper-activity has spread to other 
media. Sounds and pictures are being spun into the 
information web to create hypermedia— interactive 
programs that wed education and entertainment. 
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ware capable of integrating vast quan- 
tities of audio, video, and textual in- 
formation. Now powerful computers 
and optical disc players—speaking the 
same digital language—can store and 
retrieve scads of data. Even full-motion 
video can be included in the media mix, 
using Digital Video Interactive tech- 
nology. Originally developed by RCA 
(the technology was later sold to Intel 
Corp., Princeton, N.J.), DVI squeezes 
an hour of video onto a high-density 
CD-ROM disc. 

At the same time software that lets 
users construct links between related 
items has become widely available. Ap- 
ple's HyperCard and OWL Internation- 
al's Guide are the best known programs 
for microcomputers. Guide appeared 
first, in 1986, and it runs on PC-com- 
patibles as well as Macintoshes. Hy- 
perCard, for Macs only, is included 
when you purchase a machine. 

HyperCard takes information and 
divides it into discrete units— "nodes" 
or, in this case, "cards" that can be 
grouped in "stacks." Cards are linked 
to other cards. For example, a stack of 
cards with the names and phone num- 
bers of business contacts might be 
cross-referenced to another stack con- 
taining annual sales figures—without 
having to create duplicate files. (You 
can accomplish the same task using a 
relational data base, but not without 
some programming expertise. Hyper- 


Card is far more 
intuitive.) 

Because Hyper- 
Card shows you 
only one card at a 
time, it's not re- 
ally a hypertext 
product, say some 
experts. But the 
hyper prefix was 
too tempting to 
pass up; Apple 
renamed the pro- 
gram (originally 
dubbed Wild 
Card) shortly be- 
fore it was intro- 
duced. Because of 
the popularity of 
programs like Hy- 
perCard, publishers are scrambling to 
produce hyper-ware. Much of it is more 
hype than hyper, however. 

No one can agree on the criteria for 
hyper-ness, but typical hyper features 
are: a mouse, windows, a map that 
helps you chart your course, and “but- 
tons”—points where you'll find routes 
to other information. Using a mouse, 
you move the cursor to one of these hot. 
spots, click a button, and something 
new appears on the screen: a still pic- 
ture, an animation sequence, or a de- 
tailed explanation of the “hot” word 
or phrase. Or, while you're pressing the 

Continued 


Dr. Steven Erde, neuropathology 
fellow at Cornell University 
Medical College, relaxes in front of 
monitors displaying images from 
an "electronic textbook" used at 
the school. The analog images come 
from a videodisc player below the 
desk, and digital images travel over 
a network that links monitors to a 
central hard-disk system. Students 
use these monitors, or others in 
their dormitories, to review case 
histories (including actual X-rays 
and CAT scans), browse through 
medical literature, and study 
lecture notes. Above, windows dis- 
play different kinds of medical 
information. A digitized photograph 
shows fatty tissue in the heart. 
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button, a footnote is displayed. Release, 
and the footnote disappears. 

It’s all done with macros (short for 
macroinstructions), single commands 
that stand for sequences of operations. 
Hypertext programmers tie chunks of 
data together by assigning macros to 
locations, not to the information itself. 
That speeds up the process of jumping 
from one spot to another because the 
machine knows exactly where to go 
without searching the whole data base. 

General-purpose programs like Hy- 
perCard and Guide can easily be cus- 
tomized. You don’t need to understand 
the low-level programming code used 
to construct the macros. You just enter 
data, then program the desired link- 
ages by installing buttons. Specialized 
programs created by companies and 
universities are already being used to: 

Retrieve cross-referenced informa- 
tion from huge data bases. Grolier, for 
example, is putting its encyclopedia 
onto hypermedia discs. , 

eAssist in research. One program, 
Envos's NoteCards, helps writers by 
linking text pages to indexes, maps, 
rough drafts, and other aids. 

eManage cooperative projects. The 
University of North Carolina at Chapel 
Hill is experimenting with a hypertext 
program used for interactive writing. 
And at McDonnell Douglas, research- 
ers are using a system named Aug- 
ment to store memos and notes, con- 
duct conferences, and share designs. 
At law and engineering firms, hyper- 
media systems could link documents 
used by many employees, making au- 
tomatic updates in related files. 

Browse through voluminous man- 
uals and catalogs. Ford, Renault, and 
Boeing are using on-line maintenance 
manuals to diagnose mechanical 
problems. Maintenance and policy 
manuals aboard the USS Carl Vinson, 
a nuclear-powered aircraft carrier, 
are part of a hypermedia system de- 
veloped at Carnegie-Mellon University 
in Pittsburgh, Some entries in the 
manuals are linked to videodisc selec- 
tions. And computer manuals are also 
being computerized: Toshiba is ship- 
ping hypertext versions of the hand- 
books for several of its newest personal 
computers. Meanwhile, Broderbund 
Software (San Rafael, Calif.) is pub- 
lishing a hypermedia version of The 
Whole Earth Catalog. Want to buy a 
recording of Mozart? Try listening to 
a few passages first. 


Books without bindings 


The most exciting hypermedia appli- 
cations so far have been in education. 
Medical schools at Cornell and Stan- 
ford are using “electronic textbooks” 
to study the human body. At the col- 
lege level, Random House is develop- 
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hypertext 


is footnotes 


on footnotes 


on footnotes” 


ing hypermedia discs to accompany a 
biology textbook. 

In the social sciences, the National 
Geographic Society is working on ge- 
ography “field trips" that would let stu- 
dents wander around in foreign lands 
without leaving the classroom. East- 
gate Systems (Watertown, Mass.) has 
already released a history hypertext 
book, T'he Election of 1912, that teaches 
readers about campaign strategies by 
having them manage Theodore Roose- 
velt's third-party bid for the presidency. 
The “book” incorporates contemporary 
speeches, articles, political cartoons, 
and advertisements. 

In some programs political and so- 
cial history are tied to literature. 
“Grapevine” is designed for classes 
studying John Steinbeck’s The Grapes 
of Wrath. It links selections from the 
book to about 54 related works—in- 
cluding films, record albums, TV doc- 
umentaries, and newspaper articles— 
that make the 1930s come alive. At 
Stanford, The Shakespeare Project al- 
lows students to “attend” rehearsals, 
compare different versions of scenes 
from plays, or browse through an “elec- 
tronic” wardrobe and prop room. 

“1п education, there is a demand, a 
need, for entertainment that wasn't 
there before," says Lou CasaBianca, 
who publishes HyperMedia, a hyper- 
media production guide that practices 
what it preaches—it comes in both 
magazine and disc form. “In the '90s, 
instead of teaching people to read with 
Spot, Dick, and Jane, you'll use the lat- 
est Michael Jackson record," says Ca- 
saBianca. And students will take in- 
dividual paths through curricula. 
Hyper-activists expect hypermedia to 


blur the line between education and 
entertainment, creating a mix some 
call “edutainment.” 

Stephen D. Arnold, general manager 
of the games division at Lucasfilm Ltd. 
(Marin County, Calif.), predicts that 
technology being developed for class- 
rooms and offices will find its way into 
homes within five years. To satisfy 
adults raised on TV and movies, what’s 
needed are machines that can store and 
display cinema-quality programs. 

No one knows exactly what home 
hypermedia systems will look like. One 
approach, being pursued by computer 
companies, pairs a personal computer 
with a CD-ROM player to create what 
Apple calls “interactive multimedia.” 
The other approach, favored by com- 
panies like Philips and Sony, doesn't 
require a computer monitor. You hook 
your TV to a CD-I (meaning interac- 
tive) disc player that does its own 
“computing.” Manufacturers hope this 
machine will appeal to computer-shy 
CD-friendly buyers. 

While Lucasfilm waits for the next 
generation of hardware, the company 
is learning how to make games with 
multiple movie-style plots. "There's not 
enough space in California to hold 
every narrative possible," says Arnold's 
colleague, Douglas Glen. The only way 
to stage a variety of "experiences," as 
Lucasfilm calls them, without incur- 
ring staggering production costs is to 
construct interchangeable story parts. 
“What if the elements in a picture were 
created separately and put together in 
different ways?" suggests Arnold. “It’s 
a system of possibilities, not a linear 
system." 

When home machines arrive they 
won't be just for fun. They'll also help 
users find information in libraries scat- 
tered around the country. In fact, the 
ultimate goal of many hypermedia 
researchers is to create a universal 
library. “It’s actually going to be pos- 
sible to have all the world's informa- 
tion at your fingertips," asserts Bruce 
R. Schatz of Bell Communications Re- 
search. Schatz is working on a system 
called Telesophy, meaning “wisdom at 
a distance." A prototype of the system 
has been running for more than two 
years. It's accessible from hundreds of 
computers, mostly Sun Microsystems 
work stations, connected to remote in- 
formation sources via a network that 
links several Bellcore labs. 

Telesophy contains a sampling of 
materials available in electronic form 
—including magazines, wire service re- 
ports, journal abstracts, and digitized 
pictures—about 300,000 items in all. 
Users browse through the items the 
way they'd hunt through an actual li- 
brary— going to one section and scan- 
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Water-wheel 
wave power 


As waves wash by, floating water-wheel cylin- 
ders rotate and generate clean electricity. 


By DAVID SCOTT 


vert the up-and-down reciprocal 

motion of ocean waves directly into 
continuous rotary motion by means of 
a floating water wheel that spins as 
waves pass. This deceptively simple 
scheme may prove to be an economi- 
cal way to produce electricity at iso- 


I: a classic engine concept: Con- 


ш lated seashore sites on islands or in 
n m. ^ ELECTRICAL CABLE GENERATO! i developing countries. 
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Floating wave generator (above) has two vaned cylin- 
ders tethered at a 30 degree angle from a moored buoy 
so that the rotors align with the oncoming wave fronts 
nearly end-on. As waves make their way down a rotor, 
water fills the upturned troughs on one side, which 
causes the rotor to overbalance and rotate when the 
water recedes (see cross sections at right). The falling 
water causes the downturned compartments on the op- 
posite side to fill with air. The wave crest then traps 
the air pockets underwater, which provides impetus 
for an “upstroke” that drives the cylinder in the same 
direction. The cylinders span several wave crests so 
they don’t dip into troughs. A generator on the float is 
driven by the rotors through a step-up gearbox. A cable 
earries electricity to the shore. The towable rig would 
be anchored in shallow water, where deep-water swells 
are compressed by the seabed into shorter, sfeeper, 
more energetic waves. This feature eases anchorage 
complications and shortens land connections. At the 
top, a Chalmers researcher, Frederick Wincrantz, holds 
a 16-foot-long 6-inch-diameter model rotor that was 
demonstrated successfully in a laboratory wave tank. 


WAVE TROUGH 


t 


1 m 


WAVE CREST 


Swedish researchers at Chalmers Uni- 
versity of Technology in Gothenburg, 
is based on long buoyant cylindrical 
rotors that are ringed by radial vanes. 
The vanes form compartmented hori- 
zontal troughs that fill alternately 
with air and water and cause the rotor 
to turn, which drives a generator. (The 
operating principle is explained in the 
drawings below.) 

“We use two such cylinders in a 
narrow-V [triangular] formation sep- 
arated by a crossbeam [center dia- 
gram]," says Frederick Wincrantz, 
project leader at Chalmers. "That 
gives a reaction base for rotation, and 
also nearly doubles the output. One 
cylinder is the mirror image of the 
other, so they counterrotate, which in- 
creases lateral stability in rough water 
and crosswinds," he explains. 

“But there's no overloading in heavy 
weather because the compartments 
can hold only a fixed volume of water," 
Wincrantz continues. "Thus the rotors 
can be built just strong enough for av- 
erage wave conditions at a proposed 
site, which cuts costs." 

Wincrantz's team would like to build 
a 100-kilowatt 12.6-ton prototype with 
75-foot-long 5.7-inch-diameter rotors. 
With funding support, he says, con- 
struction could start soon, and the de- 
vice could be launched within a year. 
Wincrantz estimates that a full-size 
system could produce power at six 
cents per kilowatt-hour, a cost that 
compares favorably with current com- 
mercial electricity rates. 
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Soon a winged rocket will drop from a B-52 bomber 
flying at 40,000 feet, climb to a low-Earth orbit, 
and release a small satellite. A pair of private 
companies has developed this unique orbital booster 
to cut the time and cost currently required 

| to put small payloads into space. 


By STUART F. BROWN 


A Pegasus air-launched space booster climbs upward from the B-52 bomber that launched it. 


WINGING IT INTO 


SPACE 
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f you want to climb а tree—but 

you aren't tall enough to grasp 

the lowest limb—then find 

someone who will boost you up 

on his shoulders. That’s the 
reasoning behind a new-style satellite 
launching system designed to put 
small payloads into low-Earth orbit at 
a reasonable price. 

The idea will be tested in August 
when a 36-year-old Boeing B-52 bomb- 
er clutching a slender spacecraft under 
its wing begins a long takeoff roll at 
the NASA Dryden Flight Research Fa- 
cility in the California desert. At first 
glance onlookers might think they 
are witnessing a revival of the famous 
North American Aviation X-15 rocket 
planes that made high-speed flights 
into near-Earth space in the 1960s. 

The mistake would be understanda- 
ble. This particular B-52 carried many 
X-15 missions to their launch points 
high in the sky. Similar in weight and 
overall dimensions to the celebrated 
X-15, the craft that will be slung under 
the bomber also has a wing, a tail, 
and a black color scheme. But that is 
where the resemblance to the rocket 
plane ends. The bomber’s cargo is an 
unmanned satellite booster named 
Pegasus, after the winged horse of 
Greek mythology. 

The Pegasus designers, Orbital Sci- 
ences Corp. of Fairfax, Va., and Her- 
cules Aerospace Co. of Wilmington, 
Del., say that by launching their craft 
from an airplane flying at 40,000 feet— 
where it is beyond the clutches of 75 
percent of Earth’s drag-inducing atmo- 
sphere—they have reduced by about 
one-half the size of booster rocket 
needed to place a given payload in 
orbit. The efficiency of the craft's as- 
cent is further increased by a Burt 
Rutan-designed delta-shaped wing 
that adds substantial aerodynamic lift 
to the raw thrust generated by the first- 
stage rocket engine. 


Continued 
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At the Hercules Aerospace Co. plant 
in Clearfield, Utah (top left), a stage- 
one Pegasus motor case is produced 
by a large filament-winding machine 
that dispenses resin-coated carbon- 
fiber thread onto a turning form, or 
mandrel. The thread-dispensing pallet, 
tended by a technician, traverses back 
and forth like the action of a fishing 
reel to produce a crisscross pattern 
that gives the case great strength. 
Thousands of rotations are required to 
complete the winding process. 

A completed set of first-, second-, and 
third-stage Pegasus motor cases (mid- 
dle left) is fitted with the separation 
joints that connect them. 

The carbon-carbon throat inserts 
used in the Pegasus rocket motors are 
made from carbon fibers (bottom left) 
that are put through a “three-dimen- 
sional-weaving” process on a daunting- 
ly complex machine adapted from the 
apparel industry. The woven sleeve's 
structure is similar to a wool sock—but 
much thicker. Resin is then forced into 
the sleeve and the part is baked in an 
oven at high temperature and pressure. 
This cycle is repeated several times, 
eventually yielding a dense carbon- 
ized material that has good structural 
strength at high temperatures. Most of 
the applications for carbon-carbon are 
in space, however, because the mate- 
rial burns in the presence of oxygen. 
Ballistic missile nose tips are one use 
for the coal-black composite. 

The rocket's ascent through the at- 
mosphere is aided by the delta-shaped 
wing (drawing below) attached to its 
first stage; flight control is provided by 
three movable tail fins. After the spent 
first stage drops away, the craft con- 
tinues ascending to orbital altitude 
with the rocket thrust of its second and 
third stages. Flight control for these 
stages is provided by movable thrust- 
vector-control exhaust nozzles and ni- 
trogen-gas thrusters. The solid-fuel 
rockets are started by an igniter lo- 
cated at the nose end of each motor. 
The rocket nozzles have throat inserts 
of carbon-carbon material to with- 
stand the ultra-high exhaust tempera- 
tures. Maximum payload is one-half ton. 


DELTA WING 


STAGE-ONE MOTOR 
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Hustled from preliminary design to 
its first launch in only 2% years, the 
winged rocket will be the first of anew 
generation of privately developed sat- 
ellite launchers to loft payloads into 
space. At first the government will be 
the main customer for the small-pay- 
load launch service, but scientific and 
commercial customers are expected to 
sign up once the system proves itself. 


agers at Orbital Sciences, one is 

surprised by the dearth of talk 
about new technology. Adjectives like 
“proven” and “mature” are the buzz- 
words in this group. 

“Although Pegasus is a new concept 
and a new approach to putting a pay- 
load into space, we intentionally chose 
components available to us off the 
shelf,” says Scott Webster, one of the 
small company’s founders. “We didn’t 
have to go out and develop entirely new 
motor, structure, or guidance technol- 
ogies. We married existing state-of- 
the-art components into a new system.” 

Commenting on OSC’s seemingly 
short development period for Pegasus, 
Webster reflects, “It’s not that we're 
doing it so unusually fast, it’s just that 
the rest of the aerospace industry, con- 
ditioned by government requirements, 
does it comparatively slowly. They’re 
conservative, and they’re not spending 
their own money.” 

Cutting costs while ensuring the 
rocket’s reliability are the program’s 
guiding principles. There's a good rea- 
son for this: The first Pegasus customer 
isthe Defense Advanced Research Pro- 
jects Agency, which will pay a fixed 
$6-million fee for launch services. If 
the costs exceed that figure, OSC must 
pick up the tab. DARPA has contracted 
for as many as six Pegasus launches, 
and it's hoped that other government 
agencies will follow suit. 

Orbital Sciences became interested in 
building an air-launched rocket while 
pondering ways to make small satel- 
lite launches cheaper, notes Dr. Anto- 
nio L. Elias, the company's chief engi- 
neer: *We realized that the main 
obstacle to putting small satellites in 
space was cost. A ground-based rocket 
capable of carrying even a modest pay- 
load is quite expensive, and then you 
have to add in the enormous costs of 
the launching base with its large crew" 

Using an airplane as a launch base 
greatly reduces these costs and pro- 
vides the ability to launch from above 
the oceans into any orbital path the 
customer needs. Ground bases are lim- 
ited to launch trajectories that take 
the rocket away from population cen- 
ters, where a malfunction could pose 
a safety risk. 


V the Pegasus project man- 
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The rocket-with-a-wing idea had its 
genesis in a problem inherent in hori- 
zontal launching. “We ran some simu- 
lations and we realized that we would 
waste a lot of thrust trying to point 
the rocket upward for the climb to orbit 
after it separates from the aircraft," 
says Elias. "The wing generates suf- 
ficient lift to get the rocket on the right 
trajectory for ascent, so the thrust we 
are putting in is well used; it's more 
efficient." 

А unique aspect of the Pegasus pro- 
gram is that the rocket is the first 
high-performance flying vehicle to be 
developed without testing scale mod- 
els in wind tunnels to simulate how it 
would perform in hypersonic flight. In- 
stead, the winged rocket's shape has 
been refined at NASA Ames Research 
Center by Cray supercomputers using 
advanced computational fluid dynam- 
ics (CFD) software— numerical codes 
that calculate how the air will flow past 
Pegasus's airframe. 

Researchers at OSC and Nielsen En- 
gineering and Research in Mountain 
View, Calif., used NASA's CFD facili- 
ties to assess the craft’s aerodynamic 
performance solely on the basis of this 
powerful numerical method of predic- 
tion. In exchange, OSC will give NASA 
data from the Pegasus flights with 
which to enrich its CFD data base. 
“Pegasus will be the first time where 
we have a model, through CFD, of what. 
is going to happen. Then when we fly, 
we will calibrate the model. CFD is a 
great tool, but so far it hasn't proved 
itself. This could be the first time it 
proves its worth, and that’s why NASA 
is so interested,” observes Elias. 


Making space affordable 


“One of my personal goals is to demytholo- 
gize space, to make space operations com- 
monplace, and that means reducing costs,” 
says Dr. Antonio L. 
Elias, the former as- 
sistant professor of 
aeronautics and as- 
tronautics at the Mas- 
sachusetts Institute 
of Technology who 
heads Orbital Sci- 
ences Corp.'s Pegasus 
design team. 

"For example, | 
can see a network of 
little twenty-pound 
microsatellites to de- 
tect distress calls 
from people in remote 
locations worldwide. 
A Pegasus could launch several of these sat- 
ellites in one shot. 

“I see the demise of space science in this 
country produced by the length of time and 
the amount of money it takes nowadays to 
launch anything into space. People used to 
be concerned that space-science experiments 


Clearfield, Utah, outside of Salt 

Lake City, where Hercules Aero- 
space fabricates Pegasus rocket en- 
gines from shiny black carbon (graph- 
ite) fiber that’s been soaked in resin. 
The first-stage mandrel around which 
the synthetic fiber is wound (see photo) 
is referred to by workers as the “Chi- 
nese puzzle.” Close examination reveals 
the sausage-shaped cylinder of stain- 
less steel to be made up of a patchwork 
of intricately fitted pieces that are 
painstakingly unbolted from each oth- 
er and extracted from the finished case 
after it has been heat-cured. 

Across the broad parched valley, I 
got a look inside Hercules' Bacchus 
West facility, a highly automated com- 
plex where only about a half-dozen 
people in several large buildings mix 
and cast solid rocket propellant into 
the carbon-fiber engine cases. Why 
such a small workforce? Because this 
plant was built with big—albeit acci- 
dental—explosions in mind. The win- 
dowless walls are thick concrete, while 
the roofs are of lightweight wooden 
construction, a design that channels a 
blast upward rather than outward, 
where it would do more damage. 

The plant's designers clearly figured 
that the fewer people there are around, 
the fewer get blown up if something 
goes wrong. Here and there in the 
upper stories of these buildings are 
brightly painted “breakthrough barri- 
ers” of plastic foam that you jump 
through if you have reason to believe 
that all hell is breaking loose. The bar- 
riers connect to huge round lengths of 
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i visited the sprawling factory in 


took longer than a graduate student's thesis 
time span. Now even deans of engineering 
wonder if they should risk their careers on a 
project that may not produce any useful results 
in their lifetime. We've headed into an awful 
spiral where there's 
no motivation or in- 
centive to do any 
space science. 

“1 would like to 
bring back the cou- 
ple-of-million-dollar 
twenty-four-months- 
from-cradle-to-grave 
space-science exper- 
iment: from design- 
ingthe experiment to 
getting and publish- 
ing the data in the 
journals in two years. 

“The next logical 
step would be to at- 
tack the high cost of medium-sized rockets, 
not by using exotic technology, but by being 
unconventional. Maybe the answer is in con- 
centrating the expensive guidance and elec- 
tronics parts of the rocket on reusable pods 
that can be returned to Earth. This is easier 
said than done, but it can be done.’—S. F. B. 


TOYOTA PARTS AND SERVICE 


THE PERFECT FIT: 
YOUR TOYOTA 

AND TOYOTA QUALITY 
DEALER SERVICE. 


Its no puzzle at all to keep your Toyota running fit. Just use 
Toyota Genuine Parts and Toyota Quality Dealer Service. 

Nobody knows Toyotas like trained and certified Toyota 
service technicians. They do the work promptly and correctly, using 
competitively priced Toyota Genuine Parts. That's the smart way to 

protect your investment. Not to mention the friendly, positive 
service experience you always receive at your Toyota dealers. 

So to keep your Toyota fit with the perfect fit, remember 
theres nothing like the real thing. Toyota Quality Parts and Service. 

For more information about Toyota prod- 
ucts or service, contact your Toyota dealer or call 
1-800-331-4331. Get More From Life... Buckle Up! 


TOYOTA QUALITY 


WHO COULD ASK FOR ANYTHING MORE! 


“GROWING” PARTS FROM 
LIQUID PLASTIC 


A new process called stereolithography uses a computer-guided laser to “grow” 3-D 
prototype parts from photosensitive liquid plastic. Quicker and cheaper than tradi- 
tional model-making methods, it’s helping manufacturers hurry new products to market. 


purplish pinpoint of laser 

light dances back and forth 

across the surface of a pool 

of murky liquid polymer, 

slowly tracing a cross sec- 
tion of an object: a plastic connector 
used in a medical device. 

Soon the partially formed tubing 
connector for an intravenous feeding 
apparatus descends a few thousandths 
of an inch in the pool and the laser 
resumes its flickering course, outlin- 
ing the part once again. Each time the 
laser makes a pass, its ultraviolet light 
hardens another thin layer of the pho- 
tosensitive plastic, literally “growing” 
asolid plastic part from the bottom up. 
The result is a finished model of the 
connector, ready for testing by prod- 
uct engineers. 

There's an almost magical quality 
to stereolithography, a process that 
can coalesce liquid polymers into daz- 
zlingly complex solid structures in a 
matter of hours. Product designers in 
companies making equipment ranging 
from jet engines to computers are using 
the model-making method to explore 
new part designs quickly. 

The technique is helping them to 
overcome a traditional bottleneck in 
product development: the large amount 
of effort and expense required to pro- 
duce prototypes of new designs. And 
as global markets for all sorts of prod- 
ucts become increasingly competitive, 
it’s vital for companies to be able to 
revamp and fine tune their wares rap- 
idly to keep up with their rivals. 

Looking a little further ahead, it’s 
likely that surgeons will fabricate mod- 
els of human bones or prosthetic im- 
plants using the process, while auto 
designers may use it to create new car- 
body shapes. 
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By STUART F. BROWN 


“Stereolithography saves us a lot of 
time and money,” says Mike McEvoy, 
director of computer-aided design at 
Baxter Healthcare Corp. in Round 
Lake, Ill., as he hovers proudly around 
his machine. ^We make 110,000 dif- 
ferent medical-supply products, and we 
design hundreds of new plastic parts 
each year. This process has shortened 
the time it takes us to optimize a new 
design from six months to a couple of 
weeks." 

Apple Computer in Cupertino, Calif., 
uses the process to make models of the 
plastic housings for its computer equip- 
ment. "It gives us almost instant pro- 
totypes. We can design our parts on 
three-dimensional CAD [computer- 
aided design] terminals and then go 
right to a stereolithography model 
without ever making drawings," says 
Rodney Archer, manager of mechani- 
cal design technology. 


Refining designs 


All over the industrialized world, 
product designers sit at CAD terminals 
creating three-dimensional descrip- 
tions of parts and assemblies on mul- 
ticolored computer displays. These 
powerful computer systems have dras- 
tically cut the amount of time it takes 
to “draft” the dimensions of a new part. 

Once a part has been designed on a 
CAD system, the next step is to make 
a prototype, or model, that the designer 
can hold in his hand to see how it looks, 
feels, and fits with its mating compo- 
nents, as well as how it functions. 
Companies that manufacture complex 
products such as motor vehicles, air- 
craft, or electronic equipment make 
countless prototype parts each year. It’s 
a process that requires skilled techni- 
cians and a lot of time and money. 


Frequently, after studying the pro- 
totype he ordered, a designer will re- 
alize that a major change is required. 
Then the expensive prototype tooling 
gets sent to the scrap heap, a costly 
routine that may be repeated again and 
again before the new design is refined 
to the point where it is ready to go into 
production. 

The stereolithography process is the 
invention of Charles W. Hull, a Cali- 
fornia-based engineer with a back- 
ground in designing scientific research 
equipment. “Having spent plenty of 
time waiting around for prototype 
parts I needed, I was aware of how 
much time it takes to develop new prod- 
ucts,” he explains. “In 1980 I was work- 
ing with photopolymers that harden 
in ultraviolet light. I started thinking 
that there must be some way of using 
them to make three-dimensional mod- 
els or prototypes of things quickly.” 

At first Hull hoped to use holograms 
to form a part in one shot, but he found 
that there wasn’t any practical way 
to convert the CAD description of a 
part into information that could be 
used to make the entire item. “I real- 
ized it made sense to break the object 
up into cross sections, or layers, and 
build it from the bottom up,” he ex- 
plains. “Working out the mechanics of 
aiming the laser beam wasn't really 
too difficult. The hard part was writ- 
ing the software that ‘slices’ the elec- 
tronic model in the CAD data base so 
it can be used one layer at a time.” 

The software takes the CAD-gen- 
erated description of a part’s surface 
and divides it into triangular patches 
small enough to give the desired de- 
gree of surface finish. The program 
then passes knifelike horizontal planes 
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The screen (left) on the three-dimen- 
вїопа1 CAD terminal in the foreground 
shows a design for a plastic connec- 
tor used in intravenous-feeding equip- 
ment. Visible on the stereolithography 
system's greenish computer screen is 
the "slice" of the part the machine is 
actually producing. Removed from the 
plastic bath (top), a quintet of identi- 
cal connectors are supported by thin 
plastic webbing that will be cut away 
when the process is completed. 3D 
Systems' StereoLithography Appara- 
tus (drawing above) consists of an 
ultraviolet laser that can be aimed 
left-right or fore-and-aft under com- 
puter control. The workpiece rests on 
an elevator platform that can be 
raised or lowered. A pinpoint laser 
beam travels across the surface of 
the photosensitive liquid plastic bath, 
hardening the liquid where it strikes. 
Once this layer of the part is com- 
pleted, the elevator descends, and the 
next layer is formed. 


BUT WILL THE NURSES LIKE IT? 


“The clear part in my hand [right] is a stereo- 
lithography model of a roller clamp used in 
blood-transfusion equipment," says Thomas 
J. Mueller, manager of computer-aided engi- 
neering development at Baxter Healthcare 
Corp. “Тһе dark blue part is the same thing 
painted to look like a production part. 

“We wanted to introduce this new clamp, 
but we weren't sure whether nurses would like 
the feel of it—after all, they're the ones who 
have to work with the equipment. Tradition- 
ally we would have made a prototype mold to 
produce a trial part at a cost of about $20,000. 


It would take six to eight weeks to get the mold, 
and we might well have to start over after we 
saw the first part and realized the mold needed 
to be changed. 

"We had the prototype clamps completed 
on the 3-D machine and painted two days after 
they were designed. Then we let our market- 
ing department take them to a hospital and 
have nurses evaluate them to see if they felt 
OK. It turned out that they liked the clamps, 
so we invested in the production tooling to 
start making them. The light blue clamp is 
the one that we sell."—S. F. B. 
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orkers in Las Vegas, are starting 

to build a 1.3-mile-long elevated rail 

that will be dotted with four passen- 

ger stations and other transit build- 

ings. But this dual-lane track, unlike 

massive concrete elevated lines still 

scarring cities, is svelte and high-tech. 

Climb aboard the sleek two-car trains 

that will use this line starting in 1992, 

and you'll notice something unusual. As the train acceler- 

ates to 55 mph you won't hear clacking wheels or engine 

roar. The murmur of passengers and a low hum of air con- 

ditioning will be all you'll notice. That's because the 24-seat 

cars are magnetically levitated—suspended above metal 

guide rails—and propelled forward by electromagnetic fields 
from coils built into the tracks. 

After nearly three decades of development, magnetic- 
levitation (maglev) trains are finally becoming practical. 
The goal for the mid-1990s is to build high-speed lines that 
will whisk you at 310 mph between cities less than 500 
miles apart, bypassing overburdened airports and clogged 
highways. Slower maglev vehicles will carry passengers 
from airports into cities or transport commuters. For inter- 
city travel, maglev could beat door-to-door air times be- 
cause downtown train terminals eliminate airport trips and 
departure delays. 

West Germany appears closer to building high-speed city- 
to-city maglev lines than its only rival, Japan. But both 
are pushing maglev projects around the world. The Ger- 
mans have scheduled a 95-mile Hanover-to-Hamburg route 
for the mid-1990s and have targeted a 230-mile link from 
Las Vegas to Los Angeles. A German firm is completing 
tests on a people-mover system within West Berlin; its Amer- 
ican subsidiary is building the Las Vegas people mover. 
Japan has budgeted two maglev lines at home, and one Jap- 
anese firm wants to start a second downtown Las Vegas 
system. Great Britain has had a short-run maglev people 
mover operating for years at Birmingham's airport [Oct. 
'84]. While the United States pioneered maglev develop- 
ment [*Maglev: How They're Getting Trams Off The 
Ground,” Dec. ’73], significant research was stopped in the 
mid-1970s. Some maglev proponents and legislators, though, 
hope to revive U.S. maglev technology and leapfrog Japan 
and Germany (see box). 


Billions for maglev technology 


Experts think West Germany now leads Japan in the 
high-speed maglev race. Three factors have helped put Ger- 
many ahead: 

Government support. During the 1960s, the German 
government announced that by the end of the century it 
wanted a means of transporting passengers and freight at 
310 mph between Hamburg and Munich. Research con- 
tracts to firms have been generous. So far the leading high- 
speed intercity system has received about $833 million in 


310-mph 
tying 


trains 


-in the 90s 
—in the U.S. 


Impatient Las Vegas officials 

have promoted a high-speed 

train link to Los Angeles for ГИ. 
years. Now the West Germans | 
say they’re ready to build a + 
remarkable magnetic-levitation 
line that can zip passengers 
between the two cities in only 
75 minutes. ` H 
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Transrapid 07, the latest maglev vehicle from a West 
German consortium, noses from an exhibition hall at a 
Hamburg show last year. An earlier model set a 256-mph 
speed record at a 20-mile test track in northern Ger- 
many (below). Battery-powered electromagnetic lift/drive 
magnets are mounted along underslung bogies on 
both sides of Transrapid vehicles. These mag- 
nets are attracted to thick metal plates anchored 
along the guideway, which levitates the vehicle 

to within %-inch of the plates. The plates, wound 
with inch-thick cables (right), are also the station- 
ary portion of the linear-induction motor that propels 
Transrapid 07. Substation current fed to these plate 
windings produces magnetic fields that interact with 
fields of the lift/drive magnets. This pulls and pushes 
vehicles along the guideway. Guidance magnets keep 
vehicles separated from guideway edges. 


government funds. But political opposition is growing as 
the date to spend nearly $2 billion on the first maglev link 
from Hanover to Hamburg approaches. In comparison, Jap- 
anese researchers have received less-generous funding 
and stumbled on bureaucratic delays that have hindered 
development. 

Technology. Germany made an early decision in the high- 
speed-maglev race to concentrate on vehicles that use con- 
ventional electromagnets. These magnets are attracted 
to metal rails above them, lifting maglev cars 
a fraction of an inch above guideways 
(diagram). This attractive-maglev 


technology is now used for Germany’s leading candidate 
for intercity maglev transportation, Transrapid Interna- 
tional’s TRO7. For its intercity maglev vehicle Japan fo- 
cused on technology that exploits repulsion between like 
magnetic poles. This repulsive maglev depends on the 
powerful magnetic fields produced by superconducting mag- 
nets. Special wire for these electromagnets loses its resis- 

Continued 
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‘SUPERCONDUCTING 
MAGNETS. 


Prototype maglev vehicle being tested by Japan’s Rail- 
way Technical Research Institute relies on superconduct- 
ing magnets for both levitation and propulsion. The 17-ton 
MLU002 (above) has a 310-mph design speed and is 
repelled upward from passive (non-electrical) coils at 
the bottom of a U-shaped guideway. This magnetic re- 
pulsion occurs when the superconducting magnets pass 
over the ground coils, inducing currents and opposing 
magnetic fields in them. Propulsion develops when AC 
from substations generates magnetic fields in coils along 
the guideway edges. These fields interact with the super- 
conducting magnet fields and create forces that push 
and pull the vehicle; AC frequency (up to 34 hertz) regu- 
lates speed. Retractable wheels support the vehicle as it 
accelerates and comes to a stop. A 70-seat maglev vehi- 
cle demonstrated last year at a Japanese exposition 
(below) is being promoted for urban use in the United 
States by Japan's High Speed Surface Transport Corp. 
The system has received government approval for pub- 
lic transportation in Japan. 


HERS 


SUPERCONDUCTING 


DD‏ 7 وود دد 


GROUND COILS: 
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tance to current when immersed in liquid helium and chilled 
to near-absolute-zero temperatures. Vehicles float when 
these magnets induce eddy currents and their accompany- 
ing magnetic fields into guideway coils or a continuous 
U-shaped trough (see diagram). 

Competition. In Japan two large national institutions, 
Japan National Railways (JNR) and Japan Air Lines (JAL), 
began competing for maglev funds in the 1970s. JAL wanted 
a medium-speed vehicle for airport-to-city travel [Aug. ’79], 
while JNR needed a high-speed maglev. Fights for skimpy 
funds hindered progress. In contrast, fierce competition 
among firms aided diversity in early German maglev re- 
search, although companies also teamed up to pursue prom- 
ising projects. During the 1960s Krauss-Maffei raced to 
develop its Transrapid 01 maglev vehicle, but Messer- 
schmitt-Bolków-Blohm (MBB) beat it by unveiling the first 
passenger-size seven-ton vehicle in 1971 [Jan.’72, Dec. '73]. 
In the mid-1970s the firms jointly developed Transrapid 
04, pushing it to 124 mph. A Siemens-built repulsive- 
maglev test vehicle “flew” at 87 mph in the spring of 1977. 
But officials decided the complex refrigeration hardware 
necessary to maintain near-absolute-zero temperatures 
seemed too formidable for further development. By 1979 
the MBB-Krauss-Maffei team had been joined by Thyssen 
Henschel—the current consortium making up Transrapid 
International—to build Transrapid 05. This 70-seat vehi- 
cle carried some 40,000 passengers at a transportation ex- 
hibit that summer [May '80]. Transrapid 06, completed in 
1982, set a record speed of 256 mph early last year. During 
19,000 miles and more than 1,300 trips around the closed- 
circuit West German Emsland track TR06 impressed visi- 
tors and potential customers from around the world. 


Ready for 310 mph 


Last summer, when Transrapid displayed its two-section 
ТКО? prototype—a precursor to a commercial maglev—at 
the Hamburg transport show, company officials seemed 
confident they had a winner. “Compared with the [TR]06 
of about the same eighty-two-foot length, each self-contained 
section is supported by twenty-eight magnets instead of 
the previous sixty-four, halving their weight," says Dr. 
Jurgen Meins, a Thyssen Henschel senior electrical engi- 
neer. "That helps cut vehicle weight from fifty-six to forty- 
five tons," he says, “апа with a better aerodynamic shape 
and improved drive and controls systems we've raised the 
design speed to 310 mph." While officials are tight-lipped 
about the enhanced magnet technology, they may have 
adopted more-powerful magnet cores. 

Critics of attractive maglev say it has a built-in instabil- 
ity problem because the pull becomes stronger as the mag- 
nets and metal guideway rails approach each other. To 
maintain a constant ¥2-inch air gap between the magnets 
and guideway, regardless of guideway irregularities and 
vehicle loading, sophisticated electronics are used to de- 
liver pulses of current to lift the magnets. Air springs iso- 
late the constant magnet vibrations from the chassis. 
“Microprocessor circuits respond to millisecond commands 
from height sensors, and the so-called inherent instability 
of attraction levitation is no longer a problem,” says Meins. 

These lift-magnets fit on wraparound carriers and face 
the metal reaction rails on the guideway’s underside. The 
slim gaps between the rails and magnet can't be clogged by 
ice or debris, which collects only on the surface, where clear- 
ance under the vehicle is one foot. Air springs isolate the 
constant corrective magnet vibrations from the chassis. 

Transrapid vehicles are propelled by magnetic fields 
that advance along the guideway as trains pass overhead. 
Flat iron reaction plates on both sides of the guideway 
have windings along their entire length. These iron plates 
are part of the Transrapid’s linear-induction motor, corres- 


ponding to the fixed but circular stator of a conventional 
electrical motor. Fed with 6,000 volts from track-side sub- 
stations, the windings generate an electromagnetic field 
that interacts with vehicle magnets and propels cars for- 
ward like a surfboard riding the waves. Train speed is con- 
trolled by varying the power and frequency of a three-phase 
current to the stator windings. Approaching a station? Just 
reverse the polarity of field windings to turn the propul- 
sion motor into a brake. 

Transrapid came up with a clever way to sever all links 
to the guideway. “On-board batteries power the support mag- 
nets in a unique energy-transfer system,” Meins explains, 
which eliminates traditional mechanical contacts that slide 
along separate electrical rails. To charge the batteries gen- 
erator windings are attached to the lift magnets. Voltage 
is induced in these windings as they move through mag- 
netic fields from the guideway stator windings. 

That’s like a super-alternator: Output reaches a 300- 
kilowatt maximum around 50 mph. The batteries can store 
enough power for 20 minutes of levitation on their own. 
Additional batteries power guidance and special braking 
magnets. 

Lengths of long-stator track about 3,275 feet long are 
energized individually only when the train approaches and 
passes over them. This cuts transmission losses and en- 
ables hilly or acceleration sections to receive more power. 
By contrast, ordinary electric locomotives must carry 
enough built-in power to meet maximum demands. That 
adds cost. 

Computerized substations would be spaced up to 19 miles 
apart, each feeding a number of track sections. Radio te- 
lemetry signals from oncoming maglev vehicles switch 
power to one or two sections. 

The Emsland track is a model for the Las Vegas-Los An- 
geles project Transrapid is seeking: Concrete beams are 
elevated on slender 16-foot piers spaced at least 80 feet apart. 
Little land and no road or rail-level crossings are required. 
Loops at the ends of Emsland’s central high-speed straight 
have proven Transrapid 


way track.” In the United States a one-mile part of an in- 
terstate highway may cost up to $25 million. 

Transrapid safety has received special attention. “De- 
railment is impossible because some on-board magnets are 
literally hooked under both sides of the guideway,” says 
Meins. Brakes? “There are auxiliary magnetic ones to back 
up the reverse-polarity action of the propulsion, and they 
are likewise battery-powered for emergency use.” Battery- 
powered lift magnets minimize the risk of losing suspen- 
sion. But what if an unforeseen failure occurs? “If all else 
fails, the train comes safely to rest on landing skids,” 
Meins explains. 


Japanese maglev 


Prime competition for Transrapid is Japan’s supercon- 
ducting project, initiated by that nation’s railway system. 
Despite its funding problems, the railway’s superconduct- 
ing maglev is well advanced. Hisashi Tanaka, chief re- 
searcher for the Railway Technical Research Institute 
maglev project, reports: “We have finally reached a manu- 
facturing stage of a prototype vehicle that is one genera- 
tion before those for revenue service.” The prototype 44- 
passenger MLU002 is undergoing tests on a four-mile test 
track. This limits speeds to about 260 mph—50 mph below 
its design maximum—to provide adequate stopping dis- 
tance. The institute is also considering a medium-speed 
version for airport access and other relatively short routes. 

Japan's railway researchers have systematically tackled 
the tough problems of superconductive magnets. Sophisti- 
cated yet compact refrigeration systems now exist for the 
liquid helium that chills the niobium-titanium magnet 
wires to almost absolute zero. Researchers will adopt new 
higher-temperature superconducting ceramic materials 
when they can be easily formed into wires and carry enough 
current ["Superconductivity," April, '88]. 

The 002's magnets can be magnetized or demagnetized 
within one minute. Twelve of these powerful magnets, which 
repel the vehicle four inches above the guideway, are posi- 

tioned in compartments 


performance on guideway 
curves. Branch lines and 


near the ends of the 72- 
foot-long MLU002. For 


junction switches to shut- 
tle maglev trains off the 
main guideway have also 
been tested. At the neck of 
each Emsland loop power- 
ful hydraulic cylinders 
bend the straight guideway 
steel beams into a curve. 
The German consortium 
has also built a ground- 
level guideway compatible 
with standard railroad 
track. In congested urban 
areas both conventional 
and maglev trains could 
use it. 

To trim guideway costs, 
Thyssen Henschel has even 
built a self-propelled ma- 
chine that threads heavy 
cable into the slotted iron- 
core reaction rails. “Total 
guideway cost is important 
because it accounts for al- 
most ninety percent of the 
outlay for maglev systems,” 
says Meins. “We figure 
roughly nine million dol- 
lars per mile of double- 


MAGLEV, NOT WAR? 


A concept for levitating passenger trains with superconducting mag- 
nets earned a patent for James Powell and Gordon Danby at New York's 
Brookhaven National Laboratory in the late 19605. Henry Kolm and 
Richard Thornton at the Massachusetts Institute of Technology dem- 
onstrated a working Yizs-scale maglev vehicle, called Magneplane, 
based on the concept, in the early 1970s [Dec. '73]. Budget con- 
straints in the mid-70s ended federal funding of maglev research how- 
ever. Now Kolm and others want to leapfrog Japanese and German 
maglev by reviving Magneplane technology: These maglev vehicles, 
using superconducting magnets for repulsion and propulsion, would 
whisk passengers between U.S. cities along elevated aluminum troughs— 
lighter and less expensive than German and Japanese test-track 
guideways. Magneplanes—small 100-passenger vehicles departing 
every few minutes— would "fly" 12 inches above the guideway. Maxi- 
mum speed for best efficiency would be 224 mph, says Kolm. 

He's getting help. Buttons labeled “Maglev, Not War" appeared on a 
few lapels in Washington, D.C., last year. The reason: to show support 
for bills introduced by New York State Senator Daniel Patrick Moyni- 
han that would aid in the development of magnetic-levitation vehicles. 
Moynihan’s bill asks NASA and the Department of Transportation to 
demonstrate the feasibility of maglev technology. 

Maglev transportation is inevitable, Moynihan believes. “If we fail to 
move aggressively forward in this field, we will lose an opportunity to 
commercialize superconductivity and lead a revolution that our scien- 
tists have set in motion. We might leave it to the Europeans and Japan- 
ese. That would be a national tragedy," he says. 

Moynihan is also trying to eliminate legal impediments that might 
hinder building maglev lines along the median strips of interstate high- 
ways. A study on piggybacking maglev onto the interstate highway sys- 


tem, headed by Powell and Danby, is slated to be submitted to Moynihan 
this year, then to President Bush.—J. F. | 


commercial maglev trains, 
researchers are planning to 
boost passenger protection 
against magnetic fields by 
installing the magnets in 
shielded compartments be- 
tween the vehicles. A train 
would have 14 linked ve- 
hicles, each seating 70 to 
80 passengers. 


Osaka to Tokyo 


Japanese reseachers 
aren't saying when over- 
seas commercial maglev- 
train projects based on su- 
perconductivity might get 
underway. But Larry John- 
son, a transportation ex- 
pertfrom Argonne Nation- 
al Laboratories, advised 
the US. Senate that after 
two years of MLU002 tests 
a 30-mile link between 
Narita International Air- 
port and downtown Tokyo 
is expected. “This corridor 
is currently planned to be- 

[Continued on page 159] 
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Moth-eye magic 


By JIM SCHEFTER 


A microscopically fine structure on a moth’s eye absorbs light—instead of reflecting it—to 
help conceal the insect from hungry predators. Now this pattern is being borrowed and 
applied to new optical technologies. Uses include optical data-storage discs, test strips for 
instant blood-typing, anti-glare glass, and heads-up instrument-display systems for cars. 


Intersecting beams from an argon laser 
create a moth-eye-like interference pat- 
tern captured on a glass disc at PA 


In a moth's eye 


Electron-microscope image of moth's 
eye reveals structure of peaks and val- 
leys that capture and absorb light (1). 
Compared with the one-micron (mil- 
lionth of a meter) scale, visible light 
has a wavelength of about 0.4 to 0.7 
microns. А honeycomblike pattern 
molded into plastic simulates a moth's 
eye (2). The dimensions of each light- 
trapping cell are tenths of a micron. 
This ultra-fine pattern, embossed on a 
plastic optical disc and coated with a 
metal that retains the pattern, efficient- 
ly absorbs light from a writing laser. 
The plastic is heated, bubbles up, and 
creates smooth high-contrast domes 
that reflect light (3). These bubbles are 
about one micron in diameter. Another 
technique uses tiny glass particles (4). 
The particles result from a chemical 
process that puts a thin coating on bits 
of glass and plastic. Such low-cost 
coatings might be suitable for anti- 
reflection windshields. 
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Technology in England. After further 
processing to produce a metal die, the 
pattern can be stamped onto plastic. 


ransparent images seem to float 

in the night air, vibration-free and 

locked in place just above the car's 
hood. Speedometer, tachometer, and 
other gauges are just where you need 
them—in your forward line of vision, 
во you can keep your eyes on the road 
ahead. 

Inside the car, the dome light glows 
brightly, allowing passengers to read 
or study maps without causing dan- 
gerous glare. Other instruments on 
the future car's digital panel glow 
softly and clearly, unaffected by either 
interior light or daytime sun. 

Chalk up another high-technology 
breakthrough for Mother Nature. 
That's where researchers got the idea 
to take the corneal patterns etched 
on a moth's eye and duplicate them 
in microscopically thin polycarbonate 
films. Why mimic a moth's eye? Be- 
cause its surface has very low reflec- 
tance. Most of the light that goes in 


the intricate eye structure stays in. 

Called “moth-eye” technology by 
its developer, PA Technology of Cam- 
bridge, England, the new surfaces are 
paving the way for such applications 
as heads-up displays and anti-glare in- 
strument covers for automobiles, high- 
resolution holograms, and advanced 
fighter-plane display systems. The in- 
sect-inspired technology is already 
being applied to high-density optical 
data-storage discs, and will soon give 
doctors and paramedics an instant sys- 
tem for typing blood. 


No glint 


A moth's eye is one of nature's best 
light absorbers, The eye doesn't glint, 
so there’s no sudden flash of reflected 
light to attract the attention of the 
bird or frog looking for its next meal. 

The moth’s secret is a thin film 
etched with a three-dimensional hex- 
agonal grid that covers its cornea. 
Under a scanning electron microscope 
the grid resolves into an array of peaks 
and valleys whose contours are smaller 
than the wavelength of light. Because 
the bumps are so small, they trap or 
absorb most incoming light, allowing 
only a small percentage to be reflected. 

That characteristic led scientists at 
PA Technology to search for a way to 


duplicate the moth eye's texture in a 
commercially useful film or surface. 
Their solution: First etch the micro- 
scopic grid pattern onto a glass plate 
using intersecting blue argon laser 
beams, then vacuum-deposit a thin 
layer of gold over the array. A final 
electroplating of nickel, only molecules 
thick, creates a master grid that is 
used in high-pressure injection mold- 
ing to produce a thin moth-eye film. 
It can also be used to emboss the pat- 
tern onto a polycarbonate disc. 

*We are using the technology now 
for various anti-reflection glasses," 
said PA Technology's Dr. Keith Gard- 
ner. “Апа we're looking at such things 


DEGGINGER: ANIMALS ANIMALS 


as holographic scanners,” he added. 
Scientists say the moth-eye array 
could be configured to act as a selec- 
tive reflector tuned to a specific wave- 
length of light. That would make it 
useful for an automotive heads-up 
display system where the transpar- 
ent moth-eye film would be sand- 
wiched between layers of windshield 
glass. Images of instruments would be 
beamed up from the driver's console 
by a laser with a compatible wave- 
length. Heads-up displays already are 
common in military aircraft, but the 
films used are not perfectly transpar- 
ent and can distort distance vision 
[Continued on page 163] 


A moth's big black eyes (above) reflect almost no light, in- 
creasing the bug's life expectancy. A translucent optical disc 
(left) has an ultra-thin coating of platinum over a plastic 
base embossed with a moth-eye pattern. Laser guide tracks 
on the surface diffract light into rainbow colors. 
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Dual work zones with duplicate appli- 
ances keep two cooks out of each other's 
way. One cook has his own sink, electric 
grill, microwave oven, and under-counter 
fridge—even a separate dishwasher. 
The extra space is gained by punching 
through the exterior wall and splicing 
on а sunspace. This becomes a breakfast- 
entertainment room. 


By AL LEES 


he job of a kitchen de- 

signer isn't just plac- 

ing boxes along walls," Jim 

Krengel was telling a sympo- 

sium I attended some months 

ago. 

That remark grabbed me. 
Tvelong thought that iden- 
tical cabinets marching 

around a kitchen, interrupted only by 
same-size appliances, offer about as 
much visual interest as a long train 
of boxcars clattering past a railroad 
crossing. 

Icornered Krengel after his lecture 
and asked if he'd like to tackle a kitch- 
en remodel especially for POPULAR Sci- 
ENCE readers. "What we'd like," I told 
him, “is a kitchen for two cooks—de- 


THE ULTIMATE 


KITCHEN 


REMODEL 


PHOTOS BY CARL SHUMAN 


Dual dishwashers? It makes sense in a two-cook 
kitchen—especially after a party, as shown above. One 
is in the serving and clean-up zone. The other, in the 
food-preparation zone (see photo right), is already full 
of pots, pans, and dishes used to prepare the meal. 
These Maytag units feature quiet operation, so two 
running at once won’t drive you out of the kitchen. 
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signed so they never get in each oth- 
er's way. Well assume it's used by a 
two-career couple who share meal- 
preparation and party-hosting tasks. 
But the kitchen should also function 
for other combinations, such as a moth- 
er and teenager.” 

“Sounds like an assignment that can 
involve my favorite themes,” Krengel 
agreed. “You'll want multi-height work 
surfaces so cooks of different sizes can 
find one that’s comfortable for the chore 
at hand. I can also vary heights of the 
wall cabinets. And—best of all—I can 
build in two of everything!” 

“Hers-and-his sinks, grills, and mi- 
crowaves,” I began. 

“And double dishwashers!” Jim 
added. “Makes sense if one dishwasher 
is in the food-preparation area and the 
other is across the kitchen in the serv- 


ing and clean-up zone. That way, when 
loads are done, pots and pans go right 
into cabinets near the main stove and 
sink, while glassware, flatware, and 
dishes go into cabinets where they'd 
be handy for setting the table.” 

Once Jim had submitted his floor 
plan, I could see his logic. But I quickly 
got on the phone to Kitchens by Kren- 
gel in St. Paul, Minn., one of the Mid- 
west's leading design studios. 

“Jim,” I said, “what’s the main oven 
doing over on the computer wall?" 


big oven, but not necessarily the 
most visited one. Things you put 
in a conventional oven have long bak- 
ing or roasting times. You needn't make 
frequent check trips. On the other 


H e had his answer ready: “It’s the 


hand, the microwave is smack in the 
center of the food-preparation zone. 
And note that it is at a convenient 
height. I achieve that by setting it ona 
raised counter above the dishwasher— 
which is also lifted by installing it on 
a platform. That means less bending 
to get those heavy pots and pans in 
and out.” 

As the project progressed and other 
POPULAR SCIENCE editors joined me in 
feeding Jim ideas we wanted to see in- 
corporated into our super-kitchen, I 
learned I rarely had to question a de- 
sign decision. Jim had a sound reason 
for every detail. 

I had proposed the sunspace and 
suggested that any wall cabinets that 
projected into its opening should 
have glass doors on both sides to let 

Continued 


sunlight through. (I'd seen a Krengel 
kitchen where glass backs had been 
used in cabinets built across a window.) 
This offers ideal display storage for fine 
glassware. 

Touches such as these are one rea- 
son for working with a CKD (certified 
kitchen designer) and with a custom 
cabinetmaker. Jim and I chose Wood- 
Mode Cabinetry, a factory that distrib- 
utes nationally and which not only 
made all our counters and wall units 
to precise order, but also furnished 
(prefinished) all the natural beech 
moldings around the wall cabinets and 
built-in appliances. 

We then invited Du Pont to supply 
its newest Corian counter top. The com- 
pany’s fabricator did a skillful job of 
softening all edges and running a light- 
tan stripe just inside them. These edges 
were bulked up with a second strip of 
the %-inch Corian, 2% inches wide, 
bonded along the underside. Such is 
the nature of the special Corian adhe- 
sive that once the joint is sanded it be- 
comes invisible. The feature stripe was 
created by routing a shallow channel 
and filling it with the bonding adhe- 
sive. Once this set, the bead was sanded 
flush with the surface. 


counter-top materials offer struc- 
tural rigidity, so are not bonded 
to a substrate. Floor cabinets always 
come without tops. You just attach solid 
counter tops to the upper edges of the 


Ue plastic laminates, solid 


Laundry in the kitchen: A quiet-run- 

ning stacked washer-dryer lets you 

do the wash while preparing dinner 

(above), Before and after floor plans Г SS = 
show how tacking the sunspace onto 
the existing kitchen and eliminating 
the peninsula snack bar opens up the 
space to permit zoning (below). The 
primary cook’s zone wraps around a 
multi-use island while the secondary 
cook stays along the laundry wall—the 
serving and clean-up zone that’s adja- 
cent to the sunspace dinette. COOLER, 
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cabinet sides. (See “Slabs of Color” 
in a future issue for more on these 
materials.) 

Both sinks are molded of Corian in 
a bone shade that matches the feature 
stripe, and both are bonded beneath 
the counter top. The main sink has a 
double bowl, the other a single. Both 
sinks have Calais faucets with detach- 
able spray heads. (See the manufac- 
turers list at the end of this article for 
model numbers and addresses.) 

Because several staffers complained 
about having to stand during tedious 
sink chores, one of the features POPULAR 
Science asked Jim Krengel to include 
was a swing-out stool for the main 
sink. We couldn't locate a manufacturer 
for this item, so it’s a build-it-yourself 
project (see box). The clearance prob- 
lem for pivoting the stool for storage 
must be solved at each sink. Conven- 
tional traps may not leave space—es- 
pecially with a double sink. You might 
have to reposition plumbing or drop the 
height of the support arm. Note that 
the seat adjusts like a piano stool so it 
can be placed lower when not in use. 
(If you don't have a Conran's near you, 
look elsewhere for a similar adjusta- 
ble stool.) 


The tinted glass door of the Jenn-Air under- 
counter wine cooler lets you see what's inside 
while it cuts solar exposure (above). A handy 
step stool stores in the toe-kick space and folds 
out and up when needed for extra reach for 
upper shelves (top right). The cabinet to the 
right of the stool is actually a castered cart. In 
the ultimate kitchen, you check pantry inven- 
tory with a bar-code reader (right). 


Check the photos (and the floor plan) 
for a unique feature: Both counters 
flanking the opening to the sunspace 
wrap around into it. Because the sun- 
space is a great place for informal ac- 
tivities, the cabinets can store games, 
with a compact TV tucked into the 
open shelves for viewing while some- 
one is exercising. 

The Wood-Mode cart is especially 
handy: You can load it with all break- 
fast needs and roll it into the sunspace. 
Or just position it as an extra work 
counter anywhere it's needed in the 
kitchen. 

The bar-code reader may not be an 
available accessory for all PCs, but it's 
a handy device for household record 
keeping. With the right program, you 
can even generate a shopping list. Just 
call up the items you've scanned as 
you've used them and the computer 
printer will print a shopping list. 


consult a reputable manufacturer of 
such units about what's involved in 
the removal of part of a wall. (And see 
“Sunspace!” in the September 1988 
issue for a list of kit-sunspace manu- 


[: you want to splice оп a sunspace, 


facturers.) Our opening is nearly 12 
feet across, so it required the addition 
of a laminated beam to bridge the gap 
in the framing. This becomes even 
more critical, of course, in a two-story 
house. The height of our redwood sun- 
space unit was customized to match the 
kitchen's eight-foot ceiling. The exte- 
rior height of the back wall is 6 feet 
11 inches. A finished foundation meas- 
uring 9 feet 4 inches by 15 feet 5 inches 
was tied into the existing house foun- 
dation to take the weight of this dou- 
ble-glazed structure. 

The kitchen island is made up of 
three custom cabinets bolted together 
to flank a slide-in range with an added 
structure of %-inch plywood to support. 
a snack bar. One of the kitchen’s finest 
design features is the stepped lighting 
valance that echoes in reverse the is- 
land’s various planes—as if it were a 
lifted lid of that box. The range’s down- 
draft feature eliminates any need for 
an exhaust hood overhead. 

Strip lights above and below the wall 
cabinets and a fluorescent fixture above 
the sink window, plus recessed flood- 
lights and spotlights in the ceiling pro- 
vide adequate lighting at all work 
surfaces. us 
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The seat has five inches of vertical adjustment. 
1 cannibalized a Conran's No. 425613 stool 
for the seat, seat post, and threaded bearing. 


A SEAT FOR THE KITCHEN SINK 


The pivoting support for the seat is made of 
ordinary one-inch steel pipe and fittings. The 
inverted L-shaped assembly is attached to the 
end wall of the sink cabinet with a forged- 
aluminum side-mount slip-joint fitting, and to 
the kitchen floor with forged-aluminum square- 
flange slip-joint fittings. These industrial fit- 
tings are made for assembling storage racks, 
scaffolds, and railings. 

Fitting the plastic bearing into the one-inch 
pipe tee required removing the threads in the 
tee. This was done by through-boring 1%6 
inches. This drilling diameter was beyond my 


shop capability, so | took the tee to a local 
machine shop. The shop did the job for $5. 

Your own under-sink seat-storage dimensions. 
will determine how long an arm you can use. | 
assembled the horizontal arm with two eight- 
inch nipples and a coupling. One-piece con- 
struction can be used if you can have the pipe 
cut and threaded to exact length. 

Both vertical pipe pieces can be cut from 
one 24-inch threaded length. Thread the pipe 
together to assemble the bracket. | used WD- 
40 as a lubricant. After assembly, lock the 
joints with Ye-by-¥-inch roll pins. 
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Make the brace of ¥2-inch electrical thin- 
wall conduit. Flatten the ends, then hammer 
them to the pipe diameter for attachment. 
Drill and thread the’ pipe for two М-20 hex- 
head bolts at each end of the brace. 

The side of the cabinet to which the unit is 
to be mounted must be %-inch plywood or 
particleboard for secure bolt attachment. And, 
as the weight of a person seated on the ex- 
tended seat can apply considerable leverage 
to the base cabinet, the cabinet itself must 
be tied into wall studs, using steel corner 
braces if necessary. Fasten the floor flange with 
No. 14 flathead screws. 

The Conran's seat must be modified for pad- 
ding. Glue 12-inch hardwood to the underside 
of the fiberboard seat for stapling the cover. 
—Thomas H. Jones 


PARTICIPATING 
MANUFACTURERS 


These manufacturers were chosen for major participation in the POPULAR 
Science ultimate-kitchen project: Armstrong World Industries, Box 3001, 
Lancaster РА 17604 (Prevail vinyl flooring, Prospect Square pattern No, 
64202; Chandelier 12x12 ceiling tile, Pebblewood pattern No. 30); Cre- 
ative Structures, 1765 Walnut Ln., Quakertown PA 18951 (Solaroom No. 
9-15-58); Du Pont Co., Corian Products, Wilmington DE 19898 (Corian 
Sierra Sandstone counter tops with bone accent stripe; bone seam under- 
mounted sinks: single No. 871, double No, 872); Maytag, 1 Dependability 
Sq., Newton IA 50208 (major appliances: 36-inch-wide side-by-side re- 
frigerator No. RSW-24A; slide-in down-draft range No. CDE-850 with inter- 
changeable burners, griddle, grill, deep cooker; electric oven No. CWE-1000 
with convection option; stacked washer-dryer No. S-1000; dishwashers Мо. 
WU-1000; microwave ovens No. CME-800; disposals No. FC-20); Wood- 
Metal Industries, 1 Second St., Kreamer PA 17833 (Wood-Mode cabinetry, 
Scandia custom, white laminate with beech trim and pulls) 

Other companies contributing products shown in our photos include: 
Аксо Mfg., 11500 W. Melrose Ave., Franklin Park IL 60131 (Little Inch 
under-cabinet light fixtures); American Olean Tile, 1000 Cannon. Ave., 
Lansdale РА 19446 (22 back splash and wall tile: Radiance unglazed 
with cut-tile accents in Coral and Sea Mist); Elkay, 2222 Camden Ct., Oak 
Brook IL 60521 (Calais sink faucets No. LK4200-F, black); Hafele Amer- 
ica Co., 3901 Cheyenne Dr., Archdale NC 27263 (Stepfix folding step stool 
with bracket); Jenn-Air Co., 3035 Shadeland, Indianapolis IN 46226, 
(drop-in grill No. C106; wine cooler No. JWCG5); Task Lighting Corp., 910 
Е. 25 St., Kearney NE 68848 (over-cabinet light modules No. 4LM10 with 
AT-150 watt transformers); Thomas Industries, Lighting Div., Box 7849, 
Hopkinsville KY 42240 (sunspace DIY chandelier No. 6769-15; all re- 
cessed fixtures in ceiling and island valance). 

Miscellaneous: Forecast Lighting, 500 N. Oak St., Inglewood CA 90302 
(fluorescent fixture over main sink No. 3403-80 acrylic); Modern Maid Co., 
403 М. Main St., Topton PA 19562 (built-in toaster No. KBH-101); Pali- 
sades Prints by Frankford Wallcoverings, 7120 N. Broad St., Philadelphia 
PA 19126 (wallpaper: Paradise Island collection, Sergeant Stripe No. 
PD-160); Ralph Wilson Plastics Co., 600 General Bruce Dr., Temple TX 
76503 (laminate on desk top and island sides Wilsonart Cimarron No. 
0305-6); Thonet/Madison Industries, 2001 Speedball Rd., Statesville NC 
28677 (Lorenz bar stools No. 4601; Lorenz arm chair No. 4600); U-Line 
Corp., 8900 N. 55 St., Milwaukee Wi 53223 (under-counter refrigerator 
No. 65-A combo); Zenith Data Systems, 1000 Milwaukee Ave., Glenview 
IL 60025 (SupersPort portable computer) 
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irst some 
American kitchens 
went Euro-style; now 
they’re going Euro- 
tech as well. The lat- 
est example: halogen 
range burners. These 
unique electric burn- 
ers shine through 
smooth cook tops from 
such companies as 
Amana, Creda (a Brit- 


ish company), and 
Gaggenau (of West 
Germany). 


Why halogen? To 
have the clean lines— 
andcleanability—ofa 
smooth glass-ceramic 
cook top without the 


COOKING WITH 


The halogen burner 
(right rear) in Aman- 
a’s cook top has two 
halogen bulbs plus 
a resistance element 
around the edge. 
Other burners are a 
special resistance 
type. Lines bisecting 
burners are control 
devices that keep the 
cook top from 
overheating. 


burner,” says Margaret 
Staman, Amana’s 
product manager for 
cooking products. 

A halogen burner 
also gives you heat in 
a hurry. Most tests 
show that a halogen 
cook top will heat up 
faster than any other 
smooth top except the 
induction type, which 
works by inducing an 
electric current in a 
ferrous-metal pan 
[Feb. '81]. But the dif- 
ference may be subtle. 
Forexample, the resis- 
tance burners Amana 
uses in its smooth tops 


slow response of tra- along with the halogen 
ditional smooth tops. come in only seconds 
Many cooks found the behind the halogen in 
older smoothies just too lab tests where a given 
slow to heat up. Fur- quantity of water is 
thermore, you could- brought to a boil. 


n't readily see that a 
burner was on. And for 
good cooking results, 
flat-bottom pans were 
a must. Halogen burn- 
ers were developed to 
solve these problems. 

Aconventionalelec- 
tric burner gets hot 
because of electrical 
resistance as electri- 
city flows through a 
nichrome wire. But a 
halogen burner works like an incan- 
descent light bulb. Electricity passes 
through a tungsten filament that is in- 
Side a quartz-glass tube. Resistance 
causes the filament to heat up, and in 
the process, tungsten particles boil off. 

In conventional bulbs the particles 
settle inside the glass, darkening it. In 
a halogen bulb, halogen gas combines 
with the evaporated tungsten to form 
tungsten halide. When this compound 
nears the filament, the heat breaks it 
down and redeposits the tungsten on 
the filament. So the lamp does not 
darken and the filament lasts longer. 

Halogen burners work the same way. 
“But while the halogen headlights in 


With new halogen range burners you can have the 
elegance of a smooth glass-ceramic cook top with- 
out giving up cooking performance. And unlike other 
electric cook tops, they give you the instant visual 


response of a gas flame. 


By V. ELAINE GILMORE 
Research by Jennifer Hume 


your car probably radiate at about 
3,500 degrees Kelvin and produce a 
white light, the bulbs in the burners 
radiate at about 2,500 degrees Kelvin,” 
says Stanley Stephens, director and 
marketing manager at Ceramaspeed, 
the British company that developed the 
burners and makes 90 percent of them. 
The energy emitted is mostly infrared 
in wavelengths that pass readily 
through the glass-ceramic cook top. 
But about 10 percent of the output 
is visible light. Consequently, the burn- 
er’s red glow instantly shines through 
the translucent cook top. “For the first 
time, you can see something happen im- 
mediately when you turn on an electric 


Halogen burners are 
not quite as fast to 
heat as the best elec- 
tric surface coils, most 
experts agree. But test 
results vary according 
to the food cooked and 
the utensil used. In 
cool-off time, the lower 
thermal mass of sur- 
face coils gives them 
the edge. 

Amana now offers 
two cook tops with a halogen burner; 
prices range from $650 to $750. By late 
this year the company will add a range, 
a third cook top, and a module for its 
down-draft cook top to the line. Each 
will have one or two halogen elements. 

Creda sells two cook tops here, each 
with two halogen and two resistance 
burners. List prices: $899 and $1,049. 

Gaggenau has three four-burner cook 
tops (each with one or three halogen 
burners) and two halogen modules. 
Prices range from $875 to $1,550. Els] 


MANUFACTURERS 
Amana Refrigeration, Amana IA 52204; Creda Inc., 5700 
West Touhy Ave., Niles IL 60648; Gaggenau USA Corp., 5 
Commonwealth Ave., Woburn MA 01801 
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snatched two photographs 

from a pile on my desk and 

held them up to the light. In 

each of the photos, part of a 
kitchen was visible. One of 

the kitchens had a dingy vinyl 

floor, a free-standing cabinet littered 
with miscellaneous housewares, and a 
hulking porcelain enamel stove and 
matching sink unit. The other had a 
polished hardwood floor, built-in cabi- 
nets, and expanses of gleaming counter 
space. But a large window appeared 
in exactly the same position in both 
views, telling me the two photos had 
been taken in the same room. Other- 
wise, the two kitchens contrasted as 


sharply as the pairs of faces you some- 
times see in fashion magazines— 
blotchy skin, stringy hair, and a frown 
in one snapshot; a radiant cover girl 
in the next. 

That was exactly the sort of dramatic 
transformation their homely kitchen 
needed, Dan and Beverly Marson de- 
cided a couple of years ago. The small 
room in their Chicago condominium 
was not only unattractive; it was in- 
efficient. It was time for a makeover. 

The Marsons’ appliances were scat- 
tered around the kitchen. “For exam- 
ple, the refrigerator was remote from 
cooking areas,” says Andy Pressman, 
the architect who redesigned the room. 


MINI- 


KITCHEN 


REMODEL 


A Chicago couple decided they’d had enough of a small 
shabby kitchen. The remodeling plan integrated counters, 
appliances, and storage in a U-shaped configuration to give 
the room the warmth and functionality of a larger kitchen. 


By DAWN STOVER 


SINK UNIT. 
CABINETS ABOVE. 


FREE- 
STANDING 


ENTRY 


CABINETS ABOVE 
AND BELOW 


BEFORE 


He solved that problem by consolidat- 
ing the appliances in a U-shaped plan. 

The Marsons were also unhappy 
about their lack of counter space. A 
large microwave oven and a coffee ma- 
chine sat on one counter, completely 
filling the space. The only other count- 
ers were located on either side of the 
sink. They were quite small—about 
one square foot each—and were cor- 
rugated for drainage. 

Pressman moved the sink, opening 
up an expanse of counter space to its 
left. He replaced the range with a more 
compact model, which left room for a 
counter next to the relocated refriger- 
ator. And he put the microwave oven 
on a shelf, opening up room on the 
counter below. 

The homeowners peeled off the vinyl 
flooring and sanded the wood beneath 
it. They liked the way their new floor 
looked, so they chose oak trim on the 
cabinets to match it. They also agreed 
with the architect's recommendation 
for natural-finish wood beams. "They 
wanted something that reflected the 
warmth of the floor. While suggesting 
the intimacy of a lower ceiling, the 
beams maintain a feeling of openness," 
says Pressman. 

The kitchen's only window faces a 
brick wall, but the white plastic lami- 
nate the Marsons chose for their count- 
ers and cabinets bounces light off the 
interiors, brightening the room. 

Remodeling this small kitchen was 
an inexpensive project. The Marsons 
saved their refrigerator and kept their 
spending on the other appliances to a 
minimum. After they refinished the 
floor, they hired a contractor to do the 
rest ofthe work—including the instal- 
lation of a new electrical receptacle for 
the refrigerator—for about $4,500. The 
total cost of the project, including ap- 
pliances and prefabricated cabinets, 
was about $8,000. 05 


Acoherent floor plan 
(left) replaced the Mar- 
sons’ jumble of appli- 


ances (far left). The 
architect moved their 
existing refrigerator 
into the main work area, 
matched the laminate 


MICROWAVE 
CENTERED ON SHELF 


AFTER 


on the window sill to 
the new backsplash 
and counter, and put 
up wood beams to com- 
plement the newly re- 
finished floor (oppo- 
site page). 
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Gazebos to go 


Whether it's set on a hill overlooking a garden or by a pool, 
a gazebo can become the focal point of your landscape. Now 
there's a large selection of attractive gazebos that can be 
assembled in as little as 10 hours. 


idly approaching. Robert Gedney's 

daughter was getting married and 
he wanted someplace special to hold 
the ceremony, but nothing that came 
to mind seemed appropriate. Then 
about a month before the ceremony 
he had the idea of erecting a gazebo 
from a kit. Both the airy garden struc- 
ture he built in his backyard and the 
wedding ceremony were a smashing 
success. 

The gazebo is not only a natural 
focal point for landscaping, but a 
pleasant open-air spot for entertain- 
ing or just taking in the view. Indeed, 
the word "gazebo" probably comes 
from the combination of "gaze" and the 
latin ending ebo, as in videbo (I shall 
see). 


Weekend project 


From The English Garden kit’s ar- 
rival to the completed free-standing 
garden structure, assembly of the 8%- 
foot octagonal gazebo requires two peo- 
ple and no more than five hours, says 
David Kettlewell, who imports his ga- 
zebo kits from England. “Construction 
can easily be done on a weekend day,” 
he claims. “All parts are pre-cut and 
pre-drilled, and there is no special 
training or knowledge of carpentry 
needed.” 

The astounding variety of build-it- 
yourself gazebos ranges from a seven- 
foot-square model to a 35-foot octago- 
nal behemoth. Prices start at less than 
$2,000 for a small square gazebo unit 
to $35,000 for a bandstand that would 
top off a new park. 


T: date of the wedding was rap- 
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By BRIAN NADEL 


Assembly of the typical polygonal 
gazebo is mapped out with an instruc- 
tion booklet. You start by preparing a 
secure base, says Douglas Jefferys, vice 
president of Vixen Hill Gazebos. 
Pressure-treated timbers sunk into the 
ground—or better yet, a poured con- 
crete foundation—will do just fine. 
Next you arrange the kiosk’s floor joists 
in a spoke pattern and bolt them to 
the footings. Then attach the triangu- 
lar floor sections. The next phase of 
construction, putting up the ceiling 
supports, requires two people. After 
erecting the supports, ring the frame- 
work with railing at the floor level and 
fit the molding to the rails. 

While most kits use wood roofs, The 
English Garden gazebos have light- 
weight fiberglass tops, tinted gray to 
look like lead. Kettlewell says that this 
type of roof is nearly indestructible, 
“except if a tree falls on it or it is shot 
with a rifle" Whether made of wood 
in sections or as a one-piece fiberglass 
unit, the roof is positioned and locked 
into place. A roof cupola, weather vane, 
or interior lighting completes the 
project. 

What's the major reason for the re- 
cent resurgence of these outdoor edi- 
fices? “By its nature the gazebo brings 
some of the comforts of indoors to the 
great outdoors,” says Jefferys. Many 
of these garden retreats have a mini- 
mal structure, with wooden slats for a 
roof or latticework and a trellis mak- 
ing up the walls; others take the ga- 
zebo to another level. 

The deluxe line built by Advanced 
Spa Designs features 1x3 redwood 


slats that have been turned to dowels 
and arranged so that the sun can 
stream in. The company’s eight-foot- 
square unit takes the garden-room con- 
cept a step further: It is designed to fit 
over most hot tubs. 

The English Garden makes a 
glassed-in gazebolike English sum- 
merhouse with a fish-scale-pattern 
solid roof and windows that swing 
open. The glass gazebo can easily dou- 
ble as an office or summer house. A 
glazed gazebo also overcomes the prob- 
lem of outdoor insect pests during the 
summer. 

You don't go for glass? Glenn Dal- 
ton, of Dalton Pavilions, says in that 
case the answer is a screened-in ga- 
zebo. “We sell many screened-in gaze- 
bos for use in areas where it would 
be difficult to sit outside in the eve- 
ning and enjoy yourself without being 
bitten.” 


Customized gazebos 


While many people choose to leave 
the wooden surface natural, some paint 
their gazebos. One artistically inclined 
gazebo owner in San Francisco applied 
a two-tone paint job, reminiscent of the 
gazebo's Victorian roots. 

Although the gazebo may speak of a 
different age, these pavilions are built 
to modern standards, and pass all 
building codes. I was astonished by the 
variety of styles and shapes available 
tothe handy homeowner searching for 
a backyard focal point. With many ac- 
cessories available to customize these 
garden rooms, there should be a ga- 
zebo that suits every house. us 
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CAR-CARE QUIZ 


This month’s quiz has three puzzling problems: a noisy drive train, a caught caliper, and 
a faulty fuel system. Trouble-shoot along with the quiz master to see if you can solve the 
mysteries. Detailed answers follow. 


By STEVE MERCALDO 
Drawings by Russell von Sauers 


Problems 


4 Tricky transmission 


To anyone unfamiliar with the opera- 
tion of a clutch and manual transmis- 
sion, trouble-shooting can be a real 
eye-opener. Because noise and vibra- 
tions can easily travel through the 
drive line, pinpointing the location of 
a grinding sound can be tricky and time 
consuming. 

Your Ford Mustang, equipped with 
a four-speed transmission and a floor 
shifter, has run fine for many years. 
However, while driving one Saturday, 
you hear an annoying grinding noise. 
At first you think the racket might be 
coming from under the hood, like a bad 
water pump or alternator bearing. But 
after listening carefully, you decide the 
source of the offensive grinding noise 
is either the transmission or the clutch. 
The trouble is you can't find its exact 
location. 

While stopped at a traffic light, you 
geta valuable clue as to where the noise 
is coming from. In neutral, with the 
clutch pedal out, the grinding can be 
heard clearly inside the car. But when 
the clutch pedal is depressed, the noise 
stops. After shifting into gear, when the 
clutch pedal is again released, the 
grinding returns, loud as ever. 

You also notice that the noise seems 
loudest in first gear and decreases as 
you shift through second and third 
gears. It is barely noticeable in fourth 
gear. 

A few days later while driving to 
work you notice that the grinding has 
gotten louder, and it is time to get at 
the root of the problem. The first step 
isto see if the transmission oil is gritty 
or the level is low. With the car jacked 
up and supported on safety stands, you 
remove the transmission fill plug. To 
the touch the oil feels smooth and clean. 
It is not sludgy or black, and the trans- 
mission is filled. 

The repair manual specifies % inch 
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of clutch-pedal free play at the clutch 
release fork. When you measure it, the 
free play is less than V5» inch before the 
clutch starts to disengage. Could the 
lack of free play be causing the noise 
problem? 

With tools in hand, you adjust the 
free play to % inch. But back on the 
road, the grinding noise is still there: 
no better, no worse. 

Thinking that the source of noise 
could be isolated with a mechanic's 
stethoscope, you put the car back onto 
the safety stands and your friend 
starts the engine. With the transmis- 
sion in neutral and the engine at idle 
speed, your helper repeatedly pumps 
the clutch pedal in and out while you 
crawl around underneath listening 
with the stethoscope to the bell hous- 
ing and transmission case. 

Each time the clutch pedal is pushed 
down the noise stops, only to return 
when the pedal is released. While the 
grinding is loudest at the bell housing, 
it can also be heard at the transmis- 
sion housing. The noise sounds like 
sandpaper rubbing against metal. Now 
you're really confused. 

What next? 

You figure it is possible that the lack 
of clutch-pedal free play could have 
burned out the release bearing. The 
bearing should only make contact with 
the rotating clutch pressure plate's 
fingers when the clutch pedal is applied. 
But, if due to the lack of free play, the 
bearing is making contact and spinning 
with the clutch assembly while the 
pedal is out, the bearing could have 
become overworked and the bearing 
grease dried out. This would make the 
bearing do the bump and grind when 
it turns. 

The idea sounds good. The noise does 
change when the clutch pedal is de- 
pressed. Confident that the grinding is 
coming from the clutch assembly, you 
put the car back atop the safety stands 
and get the tools that you'll need for a 
clutch job. 

Following the repair manual's step- 
by-step clutch-repair instructions, you 
remove the drive shaft, transmission, 
and bell housing. Next you take out 
the clutch pressure plate and disc for 


a closer examination. It doesn't take 
an expert's eyes to see that the clutch 
disc has only about ¥42 inch of clutch 
facing left above the head ofthe rivets. 

After a quick trip to the auto-parts 
Store, you install a new clutch pressure 
plate, disc, release bearing, and the 
flywheel, which was refaced. With all 
the parts reassembled, you adjust the 
clutch free play to the specification 
and refill the transmission with fresh 
lubricant. You lower the car from the 
stands and take it for a test drive. Will 
the clutch job solve the problem? 


2 An ounce of prevention 


While routine preventive maintenance 
has saved many motorists from the per- 
ils of an unexpected breakdown, unfor- 
tunately it is not a cure-all. Unforeseen 
mechanical problems crop up at the 
most unexpected times. 

Getting ready for his family’s vaca- 
tion trip, your neighbor performed what 
he thought was a comprehensive pre- 
ventive-maintenance program on his 
station wagon. He firmly believed that 
an ounce of prevention is worth a pound 
of cure. 

After pulling off the wheels, the first 
thing he noticed was that the front 
brake pads were beginning to wear 
thin. They weren't worn enough to score 
the rotors, but he knew from experi- 
ence that before too many miles down 
the road there would be metal-to-metal 
contact and subsequent rotor damage. 
Rather than take a chance and have 
trouble on his trip, he decided to re- 
place the pads and thoroughly check 
the brakes. Besides, he thought he'd 
need all the stopping power his fully 
loaded station wagon could muster 
while on the open road. 

Before installing the new brake 
pads, your neighbor checked the brake 
calipers: They appeared dry and moved 
freely when compressed with a C-clamp. 
He decided to have the rotors machined 
and herebuilt the calipers. He finished 
off by repacking the wheel bearings. 

After installing the new brake pads 
and reconditioned parts, he bled air 
out of the hydraulic system until the 

Continued 


Advertisement 


Save Gas, Save Engine with ‘POLY’ 


DOUBLE GUARANTEE (See Details Below) 


The following introduces one of the 
most fully tested and credentialed gas sav- 
ing, friction reducing engine treatments 
ever to reach the market! 

WHAT IS POLY? "Poly" is short for 
polytetrafluoroethylene (TFE). It is the slip- 
periest substance known to man. The 1988 
Guinness Book of World Records (pg. 182) 
says: "The lowest coefficient of static and 
dynamic friction of any solid is 0.02, in the 
case of Polytetrafluoroethylene -equiv- 
alent to wet ice on ice. It was first 
manufactured in quantity by E.l. duPont in 
1943, and is marketed as Teflon™.” 

The PetroLon Corporation, makers of 
Slick 50, have invented a way to per- 
manently bind this slippery chemical to 
your engine with one treatment. All you do 
is add one quart of Slick 50 to your oil dur- 
ing oil and filter change. By reducing 
engine friction, Slick 50 increases gas 
miléage and horsepower and reduces 
engine operating temperature thus caus- 
ing your oil and engine to last longer. Just 
as important, it reduces metal wear, 
defraying costly overhauls. 


Slick 50's credentials are impressive 


"Slick 50 does reduce engine heat and 
ordinary wear, and our informal tests in- 
dicate that it will improve gas mileage by 
about two or three miles per gallon...Slick 
50 does exactly what PetroLon claims it 
does.” Consumers Digest,(March/April 1982, p. 35) 

Researchers at a nationally respected 
research laboratory, after applying a 
powerful ultrasonic cleaning process to a 
Slick 50 treated engine part, were surpris- 
ed at its permanence. They stated, "We ac- 
tually expected the PetroLon Slick 50 ‘Poly’ 
resin coating to also be removed, but later 
found it was still there." 

The Federal Aviation Administration has 
fully accepted a similar product — Slick 50 
Aircraft Treatment (F.A.R. 433.49). 

TUV, a German testing laboratory with 
credentials every bit as prestigious as our 
Underwriters Laboratories, tested Slick 50 
in 1986. They found substantial increases 
in both gas mileage and horsepower. Their 
tests showed that these gains were due to 
a reduction in friction. 

A test done at the San Diego State 
University revealed that, "Slick 50 does in- 
crease horsepower and decreases fuel 
consumption in tests done at the univer- 
sity.” The Space Shuttle Columbia uses 
the chemical "poly" in its gears and bear- 
ings because it is the only chemical lubri- 
cant which can withstand the heat and 
corrosive elements of space. 

Perhaps the most dramatic of all is a 
torture test overseen by the Automotive 
Services Council for Pennsylvania. This 
test was shown on television station 
WTVE: Three cars with between 75,000 and 
129,000 miles on them, were treated with 
Slick 50. Six months later the oil was drain- 
ed from each vehicle and the cars were 
driven without the oil plugs for about half 
an hour. The water temperature never rose 
and the engines sustained no apparent 
damage. 


How do you give an engine a “poly” 
treatment? Very simply! Just before an oil 
and filter change, add Wynn's" Engine 
Flush (sent free with each order) to clean 
Out your engine. Then drain your oil, 
change the filter, and add the proper 
amount of oil less one quart. Add one 
quart of Slick 50, drive for thirty minutes, 
and leave it in the crankcase for 3,000 
miles. (Add two quarts for engines with oil 
capacities of seven quarts or more.) 

Slick 50 gives a permanent coating so 
you need to treat your engine only once, 
and not each time you change your oil. 
Slick 50 is also excellent for turbocharged 
engines, aluminum block engines and 
rotary engines. 

Will it work with most oil? Yes! Slick 50 
will work with all petroleum-based oils and 
synthetics compatible with petroleum bas- 
ed oils. 

What are the benefits of Slick 50? Your 
actual benefits in percentages may vary, 
depending on the kind of driving you do, 
the condition of your vehicle, etc. By 
reducing friction, Slick 50 does all of the 
following: Slick 50 increases gas mileage. 
Slick 50 increases horsepower - small 
economy cars and large RV's really need 
this! Slick 50 makes for easier starting (im- 
portant in cold weather.) Slick 50 reduces 
operating temperatures, thus increasing 
the lubrication of your oil and the life of 
your engine. Since lubricating lead is be- 
ing removed from gas, and unleaded gas is 
poor in lubricating qualities, this extra 
lubrication of Slick 50 on valve systems 
and guides is a real bonus. 

Last, but not least, the drastic reduction 
in engine wear can delay costly overhauls. 
These can often cost well over $1,000. 
Slick 50 eliminates the “lubrication starva- 
tion” that all cars experience when you 
first start them, before the oil has a chance 


to circulate. Up to 90% of the wear on a 
car can be caused by this lubrication star- 
vation. You receive all these benefits for 
less than the cost of two tanks of gas 
($39.95). 

Will Slick 50 harm my engine or affect 
my warranty? No! Slick 50 is suspended in 
an excellent grade of petroleum oil which 
meets, or exceeds, every manufacturer's 
engine warranty requirements. In addition, 
this oil carries an API (American Petroleum 
Institute) service classification SF-CC-CD. 

More Slick 50 products are available. 
These include Gear Treatment (manual 
transmission, etc.) 2-Cycle Engine Treat- 
ment, Grease, Fuel Conditioner, and 
Power Boost. Free information sent on re- 
quest. 


DOUBLE GUARANTEE! 
Guaranteed lowest price and V 
guaranteed satisfaction. If at the ff 
time of purchase you have seen \ 

Slick 50 advertised in а current 
jj magazine at a lower price, we will ff 
beat that price by $2.00 a quart and 
M you will still get your free engine ff 
j flush. If you are not satisfied with Y 
our Slick 50, within 4 months, send fy 
|| us a note and proof of purchase for 
а full refund of purchase price. This ] 
makes trying Slick 50 RISK FREE to 
you. We have been in business for V 
10 years and intend to keep our [IP 
customers happy. 


Free Wynn's" Engine Flush sent with 
each order. Free shipping with orders of 2 
or more. 

DEALERSHIPS AVAILABLE 

Easy Toll-Free number. 

To order your own Slick 50 friction reducer 
and free Wynn's" Engine Flush, call toll 
free 1-800-227-5425. Or send to 


S. AU 8 TECHNO! 
FOR PERFORMANCE MOTORING — 


407 Del Rio Road, Berthoud, CO 80513. 


О 1 епсіоѕе $39.95 + $4 shipping and handling 


О Send me. qts. of Slick 50 @$39.95 ea. 
FREE shipping (2 or more) Р55 
O Check O C.O.D. O VISA/MCIDISCOVER 


Cardi, Exp. 


Name. 


Address. 
(Give Street Address for U.P.S. delivery) 


сиу. 


State Zip 


Teflon is a reg. trademark of Dupont, Wynn's is а reg. 
trademark of Wynn Oil Co. 
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BS Uren Disc. 


INPUT SHAFT 
AND BEARING 


A grinding noise is coming from either 
the transmission or the clutch when the 
clutch pedal is out. When the pedal is 
depressed, the grinding goes away. 


The master cylinder pumps brake fluid 
through steel lines to the combination 
valve, then through flexible lines to the 
brake calipers. 


BRAKE CALIPER 


PARKING BRAKE PEDAL AND RELEASE 


pedal felt firm. During a road test the 
wagon stopped accurately, just as when 
it was new. In addition to the front- 
brake overhaul, he performed an en- 
gine tune-up, lubricated the chassis, 
changed the oil, and installed new oil 
and air filters. He inspected the cool- 
ing-system hoses, cleaned the cooling 
system with a heavy-duty chemical 
flush, and poured a fresh supply of an- 
tifreeze into the radiator. A set of new 
tires completed the job. Everything 
that looked as if it could possibly 
cause trouble was either changed or 
serviced—or so he thought. 

With the gas tank filled, the luggage 
secured, and everyone buckled up, the 
family headed out onto the interstate. 
During the first part of the trip, the 
wagonran and handled perfectly. Then 
a strange problem developed. 

Each time he applied the brakes, the 
station wagon drifted slightly to the 
right and then to the left. As the trek 
continued, the right-to-left brake pull 
worsened to the point of being a road 
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hazard. He decided it was time to take 
a closer look at the brakes. The brake 
fluid in the master cylinder was right 
up to the top—a good sign, he thought. 
The brakes may be acting up, but at 
least there was no major leak in the 
hydraulic system. 

Back on the road, your neighbor re- 
ally began to worry. Now the tempera- 
ture gauge was edging up, the wagon 
was pulling to the left, and it was act- 
ing sluggish, having trouble getting to 
cruising speed—on top of the brake 
problems. 

When he stepped on the brake to stop 
at a tollbooth, the pedal went almost 
to the floor. Pumping the pedal was the 
only way to bring the wagon to a safe 
stop. 

With the hazard lights blinking, your 
neighbor pulled to the side of the road. 
He asked his family to grab a picnic 
lunch and relax under a tree while he 
would try to find out what had forced 
their vacation into the breakdown lane. 

He jacked the left front wheel off the 


ground and tried to spin the tire man- 
ually. Nothing doing: It was locked 
solid. Not even putting his weight 
against the frozen wheel would make 
it move. After lowering the left side, 
he jacked up the right side to discover 
that the right front wheel spun freely. 
He lowered the car and decided to in- 
spect the sticking left wheel. 

With the left front of the car again 
jacked up and the spare tire underneath 
asa safety stand, he removed the wheel. 
Thinking that perhaps the rebuilt cal- 
iper had failed because of dirt, he at- 
tempted to pry it free with the lug 
wrench wedged between the rotor face 
and the caliper housing. He could bare- 
ly budge the caliper, but as soon as he 
released it, it snapped back onto the 
rotor and held firm. 

With a box wrench he opened the cal- 
iper bleeder screw. A dribble of brake 
fluid squirted out, and the caliper lost 
its grip on the rotor. After closing the 
bleeder screw, he climbed back into the 

Continued 
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If you're like a lot of people 
the energy crisis has nothing to do 
with oil embargos and solar power. 

You're suffering from a per- 
sonal energy shortage. You know, no 
pep, no get-up-and-go, no spunk. 

The reason for this phenom- 
enon? Lack of exercise. 


Exercise equals energy. 


Research has proven that 
people who exercise on a regular 
basis have more stamina and feel 
better about themselves. 

And health and fitness ex- 
perts agree that no form of exercise 
is more efficient and effective than 
cross-country skiing. Not walking, 
running, rowing, or biking. 


NordicTrack’ gets you 
back on the right track. 
NordicTrack simply duplicates 


the cross-country skiing motion, 
but you dont have to know how to 


cross-country ski to use it. 

This no-impact, total body 
workout provides a better cardio- 
vascular workout than exercise 
bikes, rowers, and treadmills. 


You burn more calories. 
You have more energy. 


With NordicTrack, you can 
burn more calories in a 20-minute 
workout than with any other type 
of exercise machine. 

Plus, you'll feel stronger, 
more alert, and less stressed-out. 


Why NordicTracks never 
show up at garage sales. 


People love their Nordic- 
Tracks. In fact, 7 out of 10 owners 
are still using their machines more 
than 3 times a week, 5 years after 
purchasing one. 

So call NordicTrack. 

But do it soon. Before you 
тип out of gas for good. 


ow to solve. 
energy crisis. 


4 
| Free Brochure & Video. | 
| Call Toll Free 1-800-328-5888. | 
| In Canada 1-800-433-9582. | 
| О Please send me a free brochure. | 
| O Also a free video tape O VHS O BETA | 
| Name. | 
| Street | 
| | 
| | 
| | 


City. 
Phone( — у} э — 
NordicTrack 141 Jonathan Blvd. N. Chaska, MN 55318. 


LUS Нине А! 


ordicjrack 


ACMLCOMPANY 


State Zip. 
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wagon and applied the brakes. Sure 
enough, when he got outside to take a 
look, the left front caliper was locked 
again. He opened the bleeder again, and 
the caliper lost its grip. 

He ran through the possibilities in 
his mind. There had to be a restriction 
or blockage somewhere in the hydrau- 
lic system or the master cylinder was 
defective. To check out his theory, he 
closed the left caliper’s bleeder screw 
and applied the brake again. As ex- 
pected, the left front brake locked. This 
time he opened the master cylinder out- 
let tube to the front brakes. When the 
line nut broke loose, a squirt of brake 
fluid escaped, but the caliper remained 
locked. Homing in on the problem, he 
thought it had to be somewhere be- 
tween the master cylinder and the left 
brake caliper. 

He then traced the master cylinder 
front brake line to the combination 
valve and opened the front line fitting 
at the combination valve inlet. A small 
amount of brake fluid dribbled out, but 
to his surprise the front left caliper was 
still locked. He got the same response 
when he opened the tube coming out 
of the combination valve. Obviously he 
was getting close to the culprit, but he 
was beginning to get impatient. 

In a final attempt to solve the mys- 
terious locked brake, he located and 
cracked loose the fitting that connects 
the steel line to the left front flexible 
brake hose. A small amount of fluid 
came out, but the caliper was still 
holding tight on the rotor. 

What is causing the brake to drag? 
How can your neighbor get his fami- 
ly’s vacation on the road again? 


3 Parts-swapping trap 


The cause of your car's performance 
problem seems obvious and straight- 
forward, but in the excitement of try- 
ing to solve it you and your buddy fell 
into a familiar trap. That is, you re- 
placed a part before testing to find out 
if it was defective. Replacing untested 
parts is a familiar technique of shade- 
tree mechanics eager to try something 
—anything. 

Ifthe new or rebuilt part corrects the 
problem, the feeling is great: instant 
success. If, however, the replacement 
part fails to do the trick, either the new 
part is condemned or the next suspect 
part is changed, and so on. The process 
of part swapping can be expensive be- 
cause some of the replaced parts could 
be in perfect working order. You really 
can’t know unless you test the part you 
think is causing the problem. Other- 
wise, the process of exchanging new 
parts for old can continue until the 
problem is solved or the job is farmed 
out to a repair shop. 
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When your 1980 front-wheel-drive 
car first began to lose power on the 
highway, it was barely noticeable. At 
about 60 mph the car would run out of 
power. It just wouldn't go any faster. If 
you eased off the accelerator pedal, the 
engine could handle the job. It was as 
if the car had imposed its own speed 
limit. 

The lack of power didn't present a se- 
rious problem because the car primar- 
ily was driven around town, and rarely 
on the open road. However, after a short 
while the car was having trouble hit- 
ting 45 mph on uphill roads. 

On your next free Saturday you check 
through the car’smaintenance records, 
and find it has been almost a year since 
the car’s last tuneup and thorough 
going-over. 

After checking the engine compres- 
sion, you adjust the gap and install new 
spark plugs, plug wires, and an air 
cleaner element. You check the posi- 
tivecrankcase ventilation valve and set 
theengine idle speed at the carburetor 
at 650 rpm. Next you hook up your tim- 
ing light and block off the vacuum hose 
at the distributor. The timing is 10 de- 
grees before top dead center at 650 rpm, 
and the ignition advances to 14 degrees 
BTDC at 2,400 rpm—right on spec. 
After reconnecting the distributor's vac- 
uum hose, you untangle the maze of 
other vacuum hoses. They all appear 
to be in good order and are correctly 
routed. 

The next item on your checklist is 
the distributor. You snap off the dis- 
tributor cap, looking for small cracks 
or burnt areas. It appears fine. You do 
find that the rotor has a small hairline 
crack in it, and you replace it. The dis- 
tributor shaft feels tight, with almost 
no play in it. Before closing the hood, a 
quick check of the carburetor shows 
that the choke is in good condition and 
is correctly set. The tuneup is complete. 

It is now about noon and you are anx- 
ious to mash the pedal and feel the car's 
restored power. You aim for the high- 
way for a test run, but to your dismay 
the engine still poops out before cruis- 
ing speed. The tuneup and new parts 
didn't help. How do you figure out 
what's wrong with your car and get full 
power back? 

Rather than head home to try again, 
you stop at your friend's house to con- 
sult him. He knows more about cars, 
and between the two of you you're sure 
to find a cure for your car's power 
anemia. 

You and your friend climb into the 
car. Ав soon as it reaches the critical 
speed, it starts to sputter and stumble. 
Your friend smiles, saying he's sure that 
a clogged fuel filter is starving the car- 
buretor of fuel. He is so sure of his di- 
agnosis that at the nearest auto-parts 


store he buys you a new filter as a gift. 
You and your buddy disconnect the old 
filter and pop in a new one in the auto- 
parts store's parking lot. But the joy of 
giving and receiving doesn't last long, 
because back on the road your car can 
barely break double-nickels on the 
speedometer. 

Your friend suggests that the me- 
chanical fuel pump is probably at fault. 
This sounds reasonable. After all, the 
car has 50,000 miles on the odometer. 
By now it is about two in the afternoon, 
and your friend says he has nothing bet- 
ter to do, so he offers to help you in- 
stall the fuel pump. You return to the 
auto parts store, this time to buy a re- 
built fuel pump along with a new piece 
of flexible hose. The hose will replace 
the old hose that attaches to the pump 
inlet tube. Taking the old fuel pump 
out and installing the rebuilt one takes 
about an hour. With the replacement 
pump installed, you head for the high- 
way for another road test. 

Your friend looks puzzled as the car 
poops out on the interstate. Then sud- 
denly, and with confidence, he says the 
rebuilt pump is defective and should 
be removed and exchanged for a good 
one. You stop at the now-familiar auto- 
parts-store to get another fuel pump 
on the way back to your friend’s house. 

By now you and your friend have be- 
come experts at removing and install- 
ing fuel pumps, so you bolt this one into 
place in less than a half hour. At six 
you go for another road test, which 
proves the car still can’t quite make it 
to cruising speed. The second fuel pump 
didn't do the trick. 

It is starting to get dark, and be- 
fore you go any further you agree to 
test the fuel pump. Checking the fuel 
pump's ability to pull a vacuum and 
deliver gasoline from the gas tank, as 
well as its delivery pressure, should tell 
you where you stand. 

Totest pump pressure your friend re- 
moves the inlet line to the carburetor 
and attaches his pressure gauge to the 
line. You read the pressure off of the 
gauge as one pound per square inch at 
idle, well below the specification, which 
calls for the pump pressure to be be- 
tween 6 and 8% psi at idle. 

Next, with the engine off, you remove 
the gauge, and connect one end of the 
hose to the carburetor inlet line, and 
place the other end into a one-quart 
container. With the engine at idle the 
pump delivers about one-half pint of 
gas in one minute, less than half the 
volume requirement specified in the 
manual. So far your buddy's theory 
about a bad fuel pump is looking pretty 
good. Low delivery pressure and vol- 
ume show the engine is not getting the 
amount of fuel it needs to get to speed. 

Continued 
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AMERICAN DESIGN COMPONENTS? 


warehouse 60,000 items at 


ras HALF-HT. 


‘American Design Components-| HARD 


expensive, often hard-to-find com- 
ponents for sale at a fraction of their 
original cost! 

You'll find every part you need — 
either brand new or removed from 
equipment (RFE) in excellent condition. 
But quantities are limited. Order from 
this ad, or visit our retail showroom 
and find exactly what you need from 
the thousands of items on display. 


Call Toll Free: (800) 524-0809 
THERE'S NO RISK! 


With our 90-day warranty, 
any purchase can be returned for 
any reason for full credit or refund. 


ADAM ACCESSORIES... 


ADAM 51/4" 
DISK DRIVE 


Gives your Adam fast, 


reliable data storage &  BENNEEENEE 


retrieval. Can hold up 
to 160Kb of information 
Uses industry-standard 
58/00 disks. Connects directly to your Adam. 
memory console. Comes w/disk drive power | 
supply, Disk Manager disk & owner's manual 
Mfr — Coleco, model 7817. 


Кет #12830 Now - $199.00 
PRINTER 


feed. Takes 
standard paper 81/2 x 11". 

Item #8839 New - $69.50 
COLECOVISION to ADAM 
EXPANSION KIT... 

Item #9918 
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PRINTER POWER SUPPLY... 
Item #6642 
ASCII KEYBOARD... 
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W/Adjustable Speed Control| 
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DISK 
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We carry a complefe line of Computer & Game Accessories and 


Equipment... 


115 VAC/60 Hz., 20W., Single 


phase. Ball bearing, induction, per- | ject 


edged, high-impact plastic blades, 
plastic housing. Can be mtd. for 
blowing or exhaust. Dim: 7" dia. x 
134," deep. Rotron Type 153E. 


Item #1863 $15.95 RFE 
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Projects, etc. 
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Item 


How. 
Many? 
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WATER/CHEMICAL 
PUMP 


For use in pumping water/chemi- 
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Item #19680 New - $49.95 


High Resolution 
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(Open Frame) 


9"- 12у0с 
Green phosphor. Schematic incl. 
Motorola #MD2003-190 


Item #17198 New - $19.95 
12"- 12урС, Green phosphor. 
Subassemblies, CRT, board & 
transformer inci, Comes w/hook- 
up diagram. 

item #6811 New - $19.95 
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PACKS (Rechargeable) 
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Item (i264..5 packs) $9.95 

^C Cells" 
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in series & shrink wrapped. 
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am & handling: we ship UPS unless 
specifi 


2 


Total 


id $3 plus 10% of total. 
SS plus PO. cost Charge only 


Sales Tax (М... residents only, 
please add 6% of totali 


Zip 


ORDER TOTAL 


= and free catalog requests—call (201) 941-5000. 


For all phone orders, call TOLL FREE 800-524-0809. In New Jersey call (201) 941-5000. 


Car care quiz Continued Saga aa aa 


As a final pump check the carburetor 
line is reattached and pump vacuum 
is tested. To perform this test you con- 
nect the flexible hose at the pump in- 
let to your friend’s vacuum gauge. At 
idle speed the vacuum gauge reads 11 
inches, within the 9-to-12-inch specifi- 
cation range. 

Your friend says he is confident the 
low volume delivery and pressure of the 
fuel pump means it too is defective. But 
you wonder how the pump can be bad 
if it can pull enough vacuum to bring 
gas from the tank to the carburetor. 

Critical of the rebuilder, your friend 
assures you that installing a third fuel 
pump will bring life back to your tired 
engine. Will a new pump cure the power 
problem? Or is there a hidden culprit? 


Solutions 


4 The grinding noise is coming from 
a defective transmission input shaft 
(clutch shaft) bearing, not from any 
part in the clutch assembly. To cure 
the problem and prevent possible trans- 
mission-gear damage, disassemble the 
transmission and replace the faulty 
bearing. 

The troublesome noise is transmis- 
sion related; the clue was that the ab- 
normal noise stopped or changed when 
the clutch pedal was pushed down. If, 
however, the strange sound began when 
the pedal was depressed, then the prob- 
lem would more than likely have been 
caused by a clutch assembly part, prob- 
ably the clutch-release bearing. 

Why. does the faulty transmission 
bearing make a grinding sound when 
the pedal is released and is silent when 
the pedal is depressed? 

When the clutch pedal is all the way 
out, the transmission shaft and its 
support bearing is rotating. As the 
input shaft spins, the main drive gear 
also turns and drives the other gears 
along the line in the unit. This is true 
whether the transmission is in neutral 
or in gear. 

The input shaft is directly splined 
onto the clutch disc, and anytime the 
disc is compressed between the flywheel 
and pressure plate, the input shaft 
turns. When the clutch pedal is de- 
pressed to shift into or out of gear, the 
clutch release fork pushes the clutch 
release bearing into contact with the 
rotating pressure plate fingers. When 
the pedal is completely depressed, the 
release bearing pushes the fingers toa 
point at which the clutch disc is com- 
pletely disengaged. 

Because it is no longer being driven 
by the engine, it stops rotating, as does 
the transmission input shaft and its 
bearing. That’s why the noise stopped 
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when the clutch pedal was depressed. 
The damaged input shaft bearing 
stopped rotating and the noise ceased. 

Another clue that narrows it down 
to the faulty front bearing was the re- 
duction of noise in the transmission's 
high gear. This is because in fourth 
gear, power flow in the transmission is 
through the input and output shafts. 
In high gear, the two shafts are locked 
together with little side load placed on 
thefront bearings. In lower gears, how- 
ever, power flow is through the cluster 
gears. A heavy side force is placed on 
theinput shaft bearing, causing a dam- 
aged bearing to grind. 

Ofcourse, to isolate the damaged part 
in a standard transmission, the unit 
must be completely taken apart, and 
all bearings, gears, and shafts cleaned 
and thoroughly inspected for defects 
and wear. 


2 The front left flexible brake hose 
is restricted. Material from the inner 
wall of the hose can come loose and 
eventually clog the hose, or dirt can ac- 
cumulate at a turn or kink. Clearing 
out any blocking material, replacing 
the hose, and bleeding air out of the 
calipers should restore the brakes to 
normal. 

Why did the restriction cause the left 
brake to apply, but not release? When 
the brake pedal is applied, the master 
cylinder can pump brake fluid past 
minor blockages, closing the caliper. 
But because most calipers do not have 
areturn spring to snap the caliper open, 
caliper pressure is not strong enough 
to push brake fluid back past the block- 
age. The caliper remains closed until 
the pressure is released. 

The crucial clue was when your 
neighbor opened the bleeder to release 
hydraulic pressure, and the caliper 
broke its grip on the rotor. Opening the 
connection between the steel line and 
the flexible hose didn’t help, so the 


CALIPER 


A brake-line blockage can cause the 


caliper to close but not open, freezing 


caliper with pad locked on the rotor. 


blockage must be in the flexible line. 

The higher-than-normal engine tem- 
perature and poor performance were 
both from driving with one brake drag- 
ging. Your neighbor’s preventive- 
maintenance program may have been 
an insurance policy against a major 
breakdown, but the policy didn’t cover 
everything. 


3 Your friend guessed correctly when 
he said the carburetor was starved for 
fuel, but he was wrong to blame the 
procession of fuel pumps as the culprit 
without testing. 

The most likely cause for the prob- 
lem is a small hole or break in the 
flexible fuel hose that connects the fuel- 
tank outlet fitting to the steel supply 
line that delivers gas from the fuel tank 
to the engine compartment. 

To test the hose, manually twist and 
squeeze it, looking for cracks and dam- 
age. If the hose checks out, then there 
could be an opening in the steel line. 

The clue to solving this problem was 
evident during the pump test. Pressure 
and volume delivery were low, but pump 
vacuum was good. 

The ability of the pump to pull 11 
inches of vacuum at idle indicated that 
it was capable of drawing fuel from the 
tank. However, any opening in the tub- 
ing between the tank and fuel-pump 
inlet would allow air into the line, with 
the pump drawing a mixture of air and 
gasoline. The result is below-normal de- 
livery or none at all. When trouble- 
shooting, test—don’t guess. uu 


PRESSURE GAUGE 


them. Test fuel-pump pressure (top) 
and delivery volume (above). 


Refuse 
to riches 


In Finland a processing plant extracts 
the sugar xylitol from oat hulls and 
birch chips, then uses the leftovers for 
cattle feed. Halfway around the world, 
a Brazilian chemical company turns 
once-useless sugar cane bagasse into 
furfural, a compound needed for indus- 
trial resins and solvents. And by next 
year an $80-million mill in Saskatche- 
wan, Canada, will use woods once con- 
sidered of inferior quality for high- 
quality pulp for paper. 

Seven facilities now turn plant 
wastes into usable, valuable materials 
with a biomass converter developed by 
Stake Technology in Ontario, Canada. 

The converter separates plants into 
three basic components: the carbohy- 
drates cellulose and hemicellulose, and 
lignin, which glues the cellulose fibers 
together, giving plants strength and 
rigidity. The resulting materials have 
a myriad of industrial and agricultural 
uses. 

The pulping industry, which must 
break down wood into fibers, commonly 
mixes wood with chemicals then cooks 
it at high temperatures for more than 
twelve hours. The result, says Stake 
Vice President Bill Esdale, is that less 
than half of the wood becomes usable 
pulp. “The remaining wood,” he adds, 
“is waste that must be burned, or is 
potentially pollution.” 

Stake’s system uses fewer process- 
ing chemicals, converts the biomass in 
amere two minutes, and yields 92 per- 
cent or more of the biomass as usable 
material. “It’s basically one pound in, 
one pound out,” says Esdale. 

The key to the Stake system is its 
steam explosion technique. First, bio- 
mass is compacted into a dense plug, 
then pushed continually into a digester. 
Here, steam at pressures up to 500 psi 
blasts the biomass for one to two min- 
utes to split the lignin bonds. The mat- 
ter then moves to the discharge device, 
where the sudden decrease in pressure 
“explodes” the biomass, locking the 
product in its final broken-down form. 

Stake executives envision their con- 
verter as someday playing an impor- 
tant role in food production for Third 
World countries. “If you look at world 
grain production,” says Esdale, “the 
amount of biomass from the plants is 
twice the grain that we get. There’s a 
tremendous amount of biomass.” Con- 
verted biomass could provide animal 
feed, freeing up the grain for human 
consumption. —Judith Yeaple 
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New life for solar (Continued from page 121) 


absorbs much of the solar spectrum,” 
explains Kazmerski. “In addition, it 
has extremely high optical-absorption 
properties, which means a thin layer 
can absorb a lot of light, thus lower- 
ing material costs. And unlike amor- 
phous silicon, its photovoltaic prop- 
erties are stable.” 

Charles Gay, president of Arco Solar, 
is also enthusiastic about CIS: “Cop- 
per indium diselenide is more forgiv- 
ing of impurities as well as variations 
in composition and in thickness than 
other thin films,” he tells me during a 
visit to the company’s offices in Cali- 
fornia’s Ventura County. This charac- 
teristic, he says, makes it easier to scale 
up the manufacturing process Arco re- 
searchers are using now. 

Gay raises a glass-enclosed plastic- 
framed PV module from the table. 
“This is a CIS panel,” he says. The ma- 
terial behind the glass plate looks 
black in the light. “We had a small- 
area cell with 12.5-percent efficiency 
in 1985. Several years of hammering 
away at a variety of problems resulted 
in this module. It has a micron-thick 
layer of CIS coated with a 0.03-micron 
layer of cadmium sulfide. We have 
these being tested at SERI now.” 

Then he picks up a semi-transparent 
orange-red module and places it on top 
of the CIS module. “Our plan is to stack 
this thin-film silicon module mechan- 
ically on a CIS module to get even- 
higher efficiencies,” Gay says. “The top 
silicon layer collects the bluish light 
and the CIS on the bottom uses the 
red. So far we've gotten an efficiency 
of 15.6 percent from a square-inch-size 
tandem cell." 

International Solar Electric Technol- 
ogy, an Englewood, Calif.-based firm 
founded by former Arco Solar scien- 
tist Vijay K. Kapur has plans to make 
CIS cells with a low-cost electroplating 
technology. 

As work continues on CIS, yet an- 
other thin-film polycrystalline PV ma- 
terial, cadmium telluride, is receiving 
attention, says SERI's Kazmerski. Al- 
though its light-absorption character- 
istics are well-matched to the solar 
spectrum and it can be manufactured 
inexpensively, there have been prob- 
lems with cadmium telluride. It can 
be difficult to make electrical connec- 
tions with the material, and its elec- 
trical properties are often hard to 
control. Also, some observers worry 
about the disposal of the toxic cadmium 
after the cells stop functioning. 

Nevertheless several companies are 
making cadmium-telluride cells. Ja- 
pan's Matsushita Battery Industrial 
Co. uses a low-cost printing method to 
lay down thin layers of cadmium tel- 
luride and cadmium sulfide on a ce- 
ramic base. The plant cranks out one 
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t's 
true that PV 


technology seems 


to be in a good 


state right now” 


million cells a month. Britain's BP 
Solar is also said to have invested heav- 
ily in cadmium-telluride technology. 

In the United States both Ametek 
Inc. in Paoli, Pa., and Photon Energy 
in El Paso, Texas, are exploring low- 
cost mass-production methods for cad- 
mium telluride. Photon Energy has 
built a low-cost pilot production line 
that has fabricated square-foot panels 
of cadmium telluride that are 7.3 per- 
cent efficient. These panels are now 
under test at SERI. Ametek engineers 
have produced an 11-percent-efficient 
cell by electrodeposition, says Peter 
Meyers, Ametek's director of applied 
materials. A one-foot-square cad- 
mium-telluride panel made by a pro- 
prietary method will be brought to 
market soon, he says. 

High-performance high-cost single- 
crystal silicon has been the workhorse 
of the industry since its inception, says 
SERI’s Kazmerski. But in the early 
1980s no one expected substantial ef- 
ficiency gains beyond the then-cur- 
rent 11 or 12 percent. At that point, 
however, higher-purity crystalline sil- 
icon became available, and engineers 
began optimizing solar-cell designs by 
applying strategies borrowed from the 
semiconductor industry. The outcome 
was that single-crystal silicon cells 
with efficiencies of up to 22.6 percent 
have been developed. 

Researchers such as Stanford Uni- 
versity’s Richard Swanson and Mar- 
tin Green of the University of New 
South Wales in Australia are leaders 
in this effort, Kazmerski says. One 
semiconductor-design strategy, for ex- 
ample, says that performance can be 
improved by increasing the amount of 
light entering the cell. Swanson’s and 


Green's designs minimize light block- 
age by shrinking front-surface electri- 
cal contacts and by coating the top with 
improved anti-reflective materials. 
They also have front and back coatings 
of tin oxide that “passivate,” or tie up, 
dangling silicon bonds formed by the 
end margins of the cells. 

Swanson's Stanford group has devel- 
oped “point-contact” PV devices for 
lens-equipped concentrator arrays that 
have demonstrated 28.2-percent effi- 
ciency. These devices have no light-ob- 
scuring front contacts at all. Positive 
and negative point contacts line the 
reflective back plate. Manufacturing 
costs for these complex cells remain 
an area of research, however. 

Allen Barnett, another leader of the 
effort to apply optimization strategies 
from the semiconductor industry to 
solar cells, is general manager of the 
Astropower division of Astrosystems 
Inc. in Newark, Del., and professor of 
electrical engineering at the Univer- 
sity of Delaware. He is working on 
making cells from thin layers of lower- 
quality polycrystalline silicon. This ap- 
proach, he feels, will reduce manufac- 
turing costs. 

"Starting out in 1980, I decided that 
the way to get the required cost and 
performance from PVs was to come up 
with a method to make thin-film poly- 
crystalline silicon in a continuous fash- 
ion," Barnett recalls. “Му fellow re- 
searchers told me, ‘Yes, Allen, it's the 
right question, but it is too hard to 
solve.” 

Barnett says that the optimization 
equations with which he works told 
him that good results could be obtained 
if he were to follow several rules: Use 
thin films so that generated electron- 
hole pairs are never far from the con- 
tacts and so they do not have to travel 
far before they are collected by the cir- 
cuit contacts. Use light-trapping tech- 
niques such as textured back surfaces: 
“The photons bounce sideways off the 
back so that they think they are going 
through a thick piece of silicon. These 
elongated pathways enhance the light's 
chances of getting absorbed." Also, find 
asubstrate that provides both mechan- 
ical support and back-surface conduc- 
tion while also matching the thermal- 
expansion properties of silicon. And 
finally, form “benign” grain boundaries 
between the crystals that don't halt 
the transport of electrons and holes. 

The result: a 15.7-percent-efficient 
thin-film polycrystalline silicon cell. 

Today Barnett reports that he's on 
his way to commercializing a process 
in which 100-micron-thick layers of 
polycrystalline silicon are grown on 
special low-cost ceramic substrates 10 
centimeters on a side. His proprietary 
process involves first depositing a 
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New life for solar continued 


reflective metallurgical barrier on the 
ceramic panels, and then, on top, a thin 
solution of silicon and tin. A conveyor 
belt brings the package through a fur- 
nace that allows planar polycrystalline 
silicon to grow on the ceramic. “In my 
process,” Barnett says, “a line of ten- 
by-ten-centimeter ceramic panels comes 
through like a train of boxcars.” 

By year’s end he hopes to have a 
manufacturing line producing at a rate 
of one million wafers per year. These 
one-watt devices will have at least 8.5 
percent efficiency, he says. Unlike thin- 
film cells, however, the finished poly- 
crystalline cells must still be screen- 
printed with electrodes and soldered 
together like other crystalline silicon 
cells. Nevertheless, Barnett claims 
significant cost savings for his process. 
His goal is a 14-percent-efficient cell 
that costs about $2 per peak watt. 

Whatever the advances in solar pho- 
tovoltaic technology prove to be, the 
PV industry remains a big question 
mark. Consider this assessment by Don 
Schueler, manager of Sandia’s solar- 
energy department and long-time ob- 
server of the field: “It’s true that PV 
technology seems to be in a good state 
right now. Technical advances seem to 
be rolling in at a faster rate, and in- 
dustry is adopting them as they come 
along. 

“But the health of the industry is 
problematical,” he warns. “Though the 
producers are selling their products in 
niche markets, few companies make 
money, and some long-term financial 
backers such as the oil companies want 
out of the business. Meanwhile, both 
governmental and industrial funding 
for research and development is declin- 
ing. Federal support for PV research, 
for instance, is down to $35 million last 
year. Investment in solar research is 
expensive. That's hard to justify when 
a company is concerned about its bot- 
tom line. I’m afraid that this is a short- 
sighted view.” 


New attitude 


Nevertheless, there’s reason for hope, 
because new factors have entered the 
solar equation. For instance, following 
the Chernobyl nuclear-power-plant di- 
saster, European countries such as 
West Germany and Italy started to sink 
more money into solar research. West 
German government spending rose last 
year to $47 million. Similarly, the Jap- 
anese government is continuing its 
heavy support for solar power in hopes 
of developing energy self-sufficiency 
and export profits. Last year it spent 
$54 million on PV research. 

Further, a sea change in attitudes 
about utility power generation may be 
in the offing. "Some of the more-pro- 
gressive energy planners," Sandia's 


Schueler says, "are starting to recog- 
nize the ‘total’ cost of energy produc- 
tion. That is, What is the entire cost 
to society of choosing one power-gen- 
eration technology over another?" For 
example, the electric bill we pay to- 
day for nuclear-power-generated elec- 
tricity does not include the cost of stor- 
ing spent radioactive fuel or of decom- 
missioning old plants. “Planners esti- 
mate that the true cost is about dou- 
ble what we pay.” 

Similarly, should the nascent fears 
of global warming prove valid, the total 
societal cost of fossil-fuel energy pro- 
duction would be staggering. If this be- 
lief grows, perhaps consumers would 
be willing to pay more for solar power, 
leading utilities to take the plunge. 

But don’t count on it. In the real 
world market forces determine power- 
generation choices, and for solar power, 
that comes down to demonstrated high- 
performance and long-term reliability 
at a low cost. 

If the solar photovoltaics industry 
has not yet become the multi-billion- 
dollar business some observers had pre- 
dicted several years ago, there’s no 
question that it’s growing. Close to 
$400 million worth of PV products— 
over 30 megawatts—were sold last 
year. The products are varied: rural 
power-generating systems for Third 
World villages and other sites far from 
utility grids; remote electrical power 
supplies for water pumps, electric 
fences, and communications and navi- 
gation equipment; stand-alone power 
systems for consumer products like cal- 
culators, radios, appliances, walkway 
lights, and auto-battery chargers. 

As for large-scale PV power genera- 
tion, it remains pretty much where it 
was—in the future. Solar-cell manu- 
facturers say that they are relying on 
the current “intermediate-market” 
products to keep the industry afloat 
until falling PV prices and rising en- 
ergy costs meet at the “crossover 
point"—where solar cells become 
competitive with other sources of 
energy. Then, they say, the big utility 
sales will materialize (initially, for 
*peaking" power plants to generate 
extra power during periods of high de- 
mand) and the costly investment in 
high-volume production lines will be 
justified. After that, high-output grid- 
linked PV panels for the roofs of bus- 
inesses and residences will become 
more affordable. 

Predictions of the crossover point 
vary widely. Some say it's close, oth- 
ers say it's years away. Much depends 
on the newest generation of PV tech- 
nology. If performance keeps improv- 
ing and prices continue to fall, however, 
the Solar Age may dawn sooner than 
we know. 
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310-mph flying trains (Continued from page 135 


gin revenue service by 1992. The next 
planned corridor is between Tokyo and 
Osaka, a 350-mile link,” he notes. 

ЈА maglev train has now been 
spun off to the independent HSST 
(High Speed Surface Transport) Corp., 
which is already marketing various 
attractive-maglev vehicles. The HSST 
vehicle, like the German TRO7, uses 
electromagnets and gap sensors to lift 
it upward to reaction rails and main- 
tain a %-inch gap. But the HSST's pro- 
pulsion differs significantly from the 
TRO7. Primary coils for the HSST lin- 
ear-induction motor are on board the 
vehicle instead of wound along the 
entire length of reaction rails. That 
greatly simplifies guideway construc- 
tion and trims costs. The long LIM 
primary coils propel HSST vehicles 
through electromagnetic interaction 
with simple reaction rails. 

Power for propulsion and levitation 
is tapped by contacts on arms that slide 
along electrical rails. If the external 
electricity fails, on-board batteries take 
over and bring the HSST to rest. Skids 
and a disc-brake system offer addi- 
tional safety backup. The company is 
promoting three models: an airport- 
to-city shuttle that can cruise at 186 
mph (top speed is 205 mph), an inter- 


mediate-speed maglev, and a 62-mph 
downtown people-mover system. 


Visit maglev city 


HSSENevada wants to build a down- 
town maglev system in its home base, 
Las Vegas. Approval of an HSST Las 
Vegas system would make it the sec- 
ond maglev line there. Magnetic Tran- 
sit of America, based in Los Angeles 
and a subsidiary of West Germany’s 
AEG, has already started building a 
55-mph downtown people mover in Las 
Vegas levitated by permanent magnets 
(“Magnetic Train,” Dec. '88]. Eventu- 
ally a Las Vegas maglev system may 
be extended to the city’s major airport. 

But the prize maglev project would 
be the 230-mile route from Las Vegas 
to Los Angeles. A high-speed train 
could run between the two cities in 
about 75 minutes, compared with five 
hours of driving time. This plan has 
been pushed by Las Vegas officials for 
more than a decade—ever since gaso- 
line shortages once threatened to choke 
off millions of tourists and gamblers. 
Californians seem less enthusiastic. 
Still, Richard Welch, a Las Vegas man- 
agement analyst, notified the US. Sen- 
ate last year that a bi-state commission 
discussing the train route will conclude 


its work by Jan. 1, 1992, when con- 
struction is to begin. 

“I think the deal will come off,” says 
Rolf Kretzschmar, one of Transrapid’s 
three presidents. “The $2.5-billion proj- 
ect envisages an elevated guideway, 
mostly single track, doubled up at in- 
tervals for two-way passing stations. 
There would be forty individual maglev 
vehicles, formed either as ten four-car 
trains or twenty two-car units, accord- 
ing to traffic scheduling demands,” he 
says. 

Other US. routes are being stud- 
ied. Los Angeles could be linked to San 
Diego and San Francisco. Other routes: 
Dallas-Houston-San Antonio; Cleve- 
land-Columbus-Cincinnati; Boston- 
New York-Washington; Philadelphia- 
Pittsburgh; Miami-Orlando-Tampa. 

But maglev, besides steep costs and 
tight budgets, faces competition: 
France is promoting an updated ver- 
sion of its wheeled TGV [May '81], 
which has a special suspension that 
lets it exceed 185 mph. Maglev back- 
ers, not surprisingly, ridicule railed 
trains. Says Henry Kolm, a pioneer of 
superconducting maglev: "It's time 
to build for the twenty-first century, 
not to resurrect nineteenth-century 
technology" 
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Hypermedia 
[Continued from page 124] wmm 
ning the spines of books, picking one 
off the shelf, and copying a few sen- 
tences from it. But unlike the books 
in a normal library, the items in Tele- 
sophy can be stored at different loca- 
tions. Eventually, optical fibers will 
permit customers to retrieve informa- 
tion from a larger Telesophy hyper-li- 
brary over the phone, says Schatz. 
Telesophy is compatible with today's 
information-storage methods. That's 
not true for Xanadu, a system proposed 
by Ted Nelson, the father of hypertext. 


Byte-size labels 


*Xanadu replaces what we now know 
asa file system for the computer," says 
Autodesk's Eric Lyons. It's a system for 
indexing information and updating 
links between entries. Nelson's system 
uses “tumblers,” labels akin to Dewey 
Decimal numbers, tocatalog each byte 
of computer data. “Xanadu isn't lim- 
ited to text," adds Lyons. Tumblers can 
be used to index images, too. 

*Xanadu can handle an unlimited 
amount of data," Lyons claims. His 
company, which makes a popular draft- 
ing program, AutoCAD, plans to use 
Xanadu to manage engineering data 
bases. Lyons says a simple application 
will be introduced in late 1989. 

One of Xanadu's chief goals is to pro- 
tect copyrights by automating royalty 
payments. That's important in an en- 
vironment where users will be request- 
ing documents over electronic net- 
works and creating new documents 
from pieces of old ones. Yet even with 
this safeguard, many authors proba- 
bly won't warm up to the notion of 
hypertext. “А hypertext is footnotes 
on footnotes on footnotes," says T. K. 
Landauer, manager of Bellcore's Cog- 
nitive Science Research group. “We 
don't know to what extent it's possible 
to get meaning without linearity." 

Is the linking of large amounts of 
information really the central task of 
education, wonders Kristina Hooper, 
one of the leaders of Apple's Multime- 
dia Group. “Or is it to ‘tell stories?" 

The nonlinearity of hypermedia has 

raised other questions, too. Even pro- 
grams that don't require the complex 
indexing demanded by Xanadu do 
require converting existing files by 
breaking them up into nodes. Users 
must also create links between nodes. 
And as more and more nodes are added 
to the system, the paths between them 
may begin to look like spaghetti. 

How will users find their way 
through this jumble of information? 
One possibility: Hypermedia will cre- 
ate a new job category—“pathfinder.” 

“Tf all this seems like a wild idea,” 
says Nelson, “ ‘that means you under- 
stant These are times wild with 
possibility" ui 


P 
Winging it info space 
[Continued from page 128] 
ductwork that deposit the evacuee on 
top of a pile of soft sand at ground level. 
Robotic devices perform as many 
tasks as possible, including mixing the 
explosive propellant in gigantic stain- 
less-steel bowls borrowed from the bak- 
ing industry. "Automation prevents 
people from being exposed to the haz- 
ardous materials that are part of the 
rocket-manufacturing process," says 
plant manager Bob Folsom. The gloppy 
mix is poured into rocket motor cases 
that are set into deep cylindrical pits 
in the floor where heating elements 
slowly cure the propellant to its hard- 
rubber-like finished consistency. 


Lightsats 


The rationale for a launcher like 
Pegasus stems from the space indus- 
try's growing interest in using small, 
relatively inexpensive satellites— 
called “lightsats”—to perform various 
tasks in space. Last fall potential build- 
ers and users of small satellites and 
their launchers held a conference at 
Utah State University to swap ideas 
about likely missions for these craft. 

The US. military would like to be 
able to launch on short notice small 
surveillance, communications, or tar- 
geting satellites that would be exclu- 
sively available to specific command- 
ers operating on the ground. Those 
officers must now often do without the 
services of large military satellites that 
are busy handling other tasks. 

The Air Force-NASA X-30 National 
Aerospace Plane (NASP) program 
may become another Pegasus custom- 
er, says Dr. Robert E. Lindberg, OSC's 
director of advanced programs. “Be- 
cause our rocket can be programmed to 
climb at a shallow angle, it can reach a 
speed of Mach eight at a relatively low 
altitude, where aerodynamic heating is 
still very pronounced. This makes it 
useful for testing the performance of 
NASP airframe and engine-intake 
models during suborbital flights." 

Finally, it is expected that small com- 
mercial communications, remote sens- 
ing, and materials-processing payloads 
will someday be launched into orbit by 
Pegasus rockets. 

Early in the U.S. space program, 
winged space planes powered by rock- 
ets such as the X-15 were developed in 
parallel with ballistic missile-type 
boosters. After the Mercury, Gemini, 
and Apollo spacecraft were orbited 
with wingless missiles, the space shut- 
tle was devised, which though lofted 
by rocket thrust, flies home on wings. 
Now the Pegasus prepares to wing its 
way into orbit. And the future X-30 
aerospace plane will both ascend into 
space and descend upon wings. In this 
way, it looks like the U.S. space effort 
is slowly turning full circle. 


"Growing" parts 

ну т b 130) sss 
through the CAD model, slicing it into 
thin layers: Think of it as the mathe- 
matic equivalent of a hard-boiled-egg 
slicer. The slices are then used one by 
one to generate the laser-aiming com- 
mands that photochemically "grow" 
the prototype one layer at a time. 

The second-generation stereolithog- 
raphy machine now being produced by 
Hull's firm, 3D Systems, in Valencia, 
Calif., can make parts measuring up 
to 10 inches in each dimension. Mod- 
els of larger parts can be fabricated 
by dividing them into sections. 

3D Systems is currently working on 
developing equipment to make models 
of much larger parts. *We think that 
you can ultimately make car bodies," 
Hull says. If this proves true, the auto 
industry, which invests a tremendous 
amount of time and money in develop- 
ing new body designs, is bound to take 
an interest in the process. 

Another enticing future application 
of stereolithography is making mod- 
els of injured bones or other features 
located inside the bodies of patients by 
using CAT-scan data to drive the 3-D 
machine. A skull from a patient who 
suffered a head injury has already been 
modeled in this fashion. Such a model 
could let a surgeon preview what he 
will encounter during an operation. 

3D Systems isn't the only company 
using the technique of slicing a CAD 
model to build prototypes a layer at a 
time. Hydronetics, Inc., in Chicago has 
come up with two variations on the 
theme. One method called laminated 
object manufacturing uses stacks 
of thin plastic or copper-coated steel 
sheets. A computer-driven laser cuts 
the appropriate outline for each layer, 
while its heat fuses the sheets together 
to form a solid part. 

Hydronetics' second technique uses 
laser heat'to solidify powdered plas- 
tic. After each layer has been formed, 
a dispensing system spreads another 
layer of powder, and the laser goes to 
work. Nova Automation Corp. in Aus- 
tin, Texas, has developed a similar 
process, which it calls selective laser 
sintering. These three systems have 
not yet reached the market. 


Two options: quicker or better 


"There are two ways you can use 
a technology like stereolithography," 
Apple Computer's Archer reflects. “You 
can speed up your design process by 
getting the prototypes made faster. Or 
you can investigate more variations on 
your design, and finish at the same 
time with a design that's better be- 
cause you looked at more options. I pre- 
fer the latter course. I think the result 
will be that our customers get more- 
functional, better-quality products 
from us.” 


WORLD'S SMALLEST———— 
WEATHER STATION 


THE AMAZING WEATHER COMPUTER THAT 
YOU CAN HOLD IN THE PALM OF YOUR HAND. 
DIGITAR's new TWR-3 Micro Weather Station includes. 
a computer, precision wind vane and speed sensor with 
mounting hardware, and 40 feet of cable. For only 

, With the optional, automatic-emptying RG-2 

Rain Collector ($49.95) you can even monitor rainfall? 

+ WIND SPEED. * RAINFALL (Optional) 

* WIND DIRECTION * TIME OF DAY 

* WIND CHILL * AUTO. SCAN 

*WIND GUST RECORD + METRIC/STANDARD 

* TEMPERATURE * NICAD READY 

* H/LOWTEMP RECORD • ONE YEAR WARRANTY 


MAGNAPHASE INDUSTRIES, INC. 


DISCOUNT PRICES 
ON WORKSAVERS! 


8,400 GPH 


2" Water Pump Largest selection! Thousands 


of engines in stock. 3 - 23 HP, 
Horizontal and vertical shaft 


5 HP #6051 Sale $139.99 
8 HP #6081 Sale $199.99. 
10 HP 46010 Sale $249.99 


5 Sav "X 
20 to 50% 


Famous 
Name Brands! 


Send for your FREE 140-Page Discount | 
Tools, Parts and Equipment Catalog! 


Name 

Address 

City 

State Zip 
Northern, Key pow 


Northern’ 


Where the Pros and Handymen Shop 
ORDER TOLL FREE 
1-800-533-5545 in MN 612-894-8310 
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QUICK-WEDGE 


SCREW-HOLDING SCREWDRIVER 


Use the same Kodak film preferred by 
Hollywood’s professional filmmakers 
Get PRINTS...or SLIDES...or BOTH 


from the same roll of film 
plus fine-grain negatives for beautiful enlargements. 


FREE REPLACEMENT FILM is included Drives screws 
with every roll of 5247 you send in for our anywhere with 
low cost processing. one han d 
A Modern Photography rated our 4-PACK with 
MA 35mm 5247 prints and slides the Blades wedge into 
ESÈ best of all labs tested. (А reprint screwslotto hold FREE RACK 
of test results wi inci 
with our free film offer.) е itfirmlyand startit 51 4*5 
at any angle... with 
== —— c — == — а o 
Г INTRODUCTORY OFFER for ist time users! Û one hand. 
[| е rush me a free — 38 (or) — 24exposure I UNCONDITIONALLY 
1 5247 Піт, | enclose $100 per roll postage! GUARANTEED 


rol 
handling. (Limit 2 rolls, please.) 


Visa/MasterCard No 
Expires; — 
E 
ADDRESS 

CITY/STATE/ZIP 


|. —— 
KEDMAN COMPANY. INC. 
PO. Box 25667, Salt Lake City. Utah 84125-0667 

© 1987 by Kedman Company 


2960 Simms Street, Hollywood, Florida 33020-9000 
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е at Dale Laboratories. 
tories. Liability limited to 
alld through entire month. 
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Do You Need 
a VISA or 
MasterCard"? 


Don't let anyone tell 
you that you must pay a fee (of as 
much as $60)! At Key Federal, our 
credit card is FEE-FREE. And it's 
easier to get approval because we 
offer the Secured Deposit. So, if 
you want a FEE-FREE credit card, 
call us for a FREE application. 
You've got nothing to lose, every- 
thing to gain! 


Call 1-800-228-1880 


KEY FEDERAL SAVINGS BANK 
Havre de Grace, Maryland 
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Blowing out 


body ae 


Car-body repairs have always been a 
hammer-intensive business. In the 
process of straightening out a dented 
panel, a repairman is often obliged to 
puncture the sheet metal and further 
damage its painted surface. Now en- 
gineers in Northern Ireland have come 
up with a clever way to get the job 
done less violently. 

The Derrair system uses an air bag 
to push the dents out of double- 
skinned body sections such as doors 
and quarter panels. It makes sense. 
The surface area of a one-foot-diam- 
eter round dent is about 113 square 
inches; at 4 psi, the air bag evenly ex- 
erts a force of 452 pounds. Without 
the impact shocks of hammering, the 
dented panel is restored more closely 
to its original form, and finishing work 
is reduced. The polyurethane-nylon air 
bags come in three sizes to fit various 
body sections. Derrair kits are sold 
by Anvil Agencies, 73 Prehen Park, 
Waterside, Londonderry BT47 2PB, 
Northern Ireland.—David Scott 


INNER STRUCTURE: 


COMPRESSED-AIR 
LINE 


In the cross section (top), the deflated 
air bag is positioned inside a damaged 
door. The inner structure of the dou- 
ble-skinned panel gives the bag some- 
thing to push against from behind. As 
itinflates (above), the air bag forces the 
sheet metal back. Final touches are 
completed with hand tools. 


Moth-eye magic (Continued from page 137] mmm RR 


slightly. Research is continuing on 
moth-eye films that would eliminate 
such problems. 

For now, only moth-eye optical discs 
and the blood-typing system have gone 
beyond the laboratory stage in non- 
secret applications. Both are produced 
by Plasmon Data Systems of Mel- 
bourn, England, which introduced its 
first discs in 1985. 

The blood-typing product uses plas- 
tic strips covered with a moth-eye 
film and coated with reactive proteins. 
In its dry state, the moth-eye grid sep- 
arates light into component wave- 
lengths, much like a prism splits light 
into the visible spectrum. But when 
the proteins react with blood, light 
passing through the grid is altered, 
and each blood type appears as a dif- 
ferent color. 

Plasmon's newest optical disc holds 
about 200 megabytes of data. It can 
be recorded just once, then read re- 
peatedly in an optical disc drive. The 
moth-eye surface is embossed into a 
polycarbonate substrate with a mas- 
ter plate. The surface is then coated 
with a 200-angstrom layer of platinum 
во thin that you can see right through 
it. Finally a second protective layer 
of polycarbonate is added. 


А traditional optical disc records 
"data when its surface blocks or reflects 
a laser beam. The concentration of 
laser heat burns a microscopic hole or 
pit in the disc material, changing the 
way light is reflected at that point. 
Each point corresponds to a single 
data bit. The moth-eye film, however, 
does not reflect or concentrate the la- 
ser's heat, and no hole is burned. In- 
stead the laser beam passes through 
the outer film and is absorbed by the 
platinum-coated surface of the moth's 
eye. 

"The laser heats a spot about one 
micron wide," said David J. Kalstrom, 
a vice president with Plasmon's U.S. 
operation in San Jose, Calif. “The 
length of the spot depends on how long 
the laser is on. The heat causes an 
outgassing in the polycarbonate layer, 
which forces the platinum up, to cre- 
ate a bubble or blister" 

The focused heat also melts both the 
substrate and the platinum, turning 
a pinpoint of the surface from a light 
absorber to a shiny mirror. That mir- 
ror, in effect, is a datum—an on-or- 
off bit of digital information. When the 
disc-drive electronics see the reflection, 
they actually measure its size and 
shape. "The blister is sort of like a 


bit," Kalstrom said. “But by reading 
its edges and its pulse length, encod- 
ing schemes allow much more data to 
be stored. The timing is critical. The 
beginning and end of a blister, or pulse, 
are part of the information." 

The advantages include packing 
more data into less space; and moth- 
eye discs should last at least 30 years 
under normal use. But like nature it- 
self, films textured with a moth-eye 
grid are not perfect: They have to be 
protected. Plasmon provides a degree 
of disc protection by etching its moth- 
eye texture on the inside of a polycar- 
bonate sandwich, where it won't be 
exposed to normal hazards. "Any time 
you have this kind of texturing," Kal- 
Strom said, "if you flatten it or it gets 
dirty, the reflectivity goes back to nor- 
mal.” And if that happens, it's good- 
bye data. 

Kalstrom sees moth-eye films mov- 
ing into other areas in the near fu- 
ture. The company is experimenting 
with optical cards the size of a credit 
card that could, for instance, hold a 
person's entire medical history, includ- 
ing X-rays. It also is developing a 
quick-recording system for moth-eye 
compact discs that could be used for 
distributing data bases. us 
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The "OFF-LAWN" Mower 


At LAST!...a machine that 
makes your entire property , 
more useable, accessible 


and beautiful! 


If you have over an acre of land, the 
TROY-BILT TRAIL BLAZER® Sickle 
Bar is the perfect “off-lawn” mower to 
cut grass, weeds, even light brush of 
any height in all types of terrain. 


ZIP CODE 


(PLEASE PRINT) 


* Blaze nature trails for 


when writing about service or a change of address. If you 


Please attach your mailing label from the front cover 
are moving, place your mailing label in this space and 
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walking, hunting, skiing, snowmobiling. 
* Enhance the beauty of 


your place by clearing unsightly suckers, Ї 


vines and bushes. 


* Have a safer place, too! 
..Without fire hazards, driveway blind 
spots and poison ivies, oaks or sumacs. 


For Your FREE Catalog 
Call 800-643-3000 Dept. 1123 
or Mail This Coupon TODAY! 


Also Available in Canada! 


Û Troy-Bilt Mfg. Co. Dept. 1123 
102nd St. and 9th Ave., Troy, NY 12180 


l YES! Please send me your FREE Catalog on how 
| the TROY-BILT TRAIL BLAZER Sickle Bar can 
| help me unlock the full beauty and enjoyment of my 
|. Propery..plus details on prices, models and savings 
l now in effect! 
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STATE. .— пр 


1980 Garden Way. Inc. 
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To lay Armstrong sheet-vinyl flooring 
with the Trim and Fit Kit, you first 
place a paper pattern on the subfloor. 
Using a tracing tool, draw an outline 
an inch away from the wall Ш. Slightly 


№, 

ragged or uneven edges won't matter. 
Next, shift the paper to the flooring and 
use a transfer tool to redraw the room 
dimensions @. The rulerlike tool re- 
places the missing inch, and the floor- 


ing can then be cut В to exact room size 
with a blade that fits onto the end of 
the transfer tool. Last, position and in- 
stall the flooring (lead photo) according 
to dealer instructions. 


remember tracing and cut- 
ting colored-paper shapes at 
holiday times in my early 
grade-school years. Stars for 
the 4th of July, pumpkins for 
Halloween .... Now laying sheet-vinyl 
flooring can be almost as simple. 
With Armstrong’s foolproof kit, you 
can install a floor successfully—even 
if you’ve never yet tried to do so or feel 
that you’re a complete failure when it 
comes to cutting and laying sheet vinyl 
properly, says the company. 
“One thing that stopped do-it-your- 
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PHOTOS BY CARL SHUMAN 


GOOF-PROOF 


Think you’re hopeless at correctly cutting and laying sheet 
vinyl? With this new kit and flooring from Armstrong, you 
can install a handsome no-wax floor—without worrying about 
seams, too-short widths, or jagged edges. 


By MARIETTE DiCHRISTINA 


selfers from buying sheet-viny] flooring 
was that they were worried they'd mis- 
cut the thing, ruin it, and be out the 
cost of the material," explains Robert 
С. de Camara of Armstrong. “This is a 
way to keep from messing up." 

The secret of the kit is a pattern 
paper and transfer tools that let you 
trace your room and transfer its shape 
to the sheet vinyl for cutting (see the 
step-by-step photos above). 

The Trim and Fit Kit has pattern 
paper for a 12-by-18-foot area, 30 feet 
of pattern tape, layout and trimming 


tools, and a step-by-step instruction 
manual. The sheet vinyl's size should 
make it possible to cover most floors 
without seams, claims the company. 

Whether you use adhesive, staples, 
or loose-lay the flooring depends on 
your subfloor and the type of vinyl 
flooring. Armstrong suggests that your 
dealer can discuss which is best for you 
and how to prepare the subfloor. 

And what if you manage to botch the 
installation after all? The company 
will replace the flooring (36 yards max- 
imum) and kit free. [ni 
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PUBLIC NOTICE: 


Due to a variety of reasons, (overproductions, dis- 


continued lines, Etc...) manufacturers & distributors 
L П Q U 1 D А get STUCK with inventories that must be liquidated. 


DAMARK walks in, lays down cash, and takes the 

ATFARBELOW entire inventory. This is how we can offer you 

DEALER COST! products at UNBELIEVABLE SAVINGS! Just 

INTERNATIONAL, INC. LOOK at the values below and order today - 
QUANTITIES ARE LIMITED! 


ELECTRONIC STILL 
CAMERA SYSTEM 


VIDEOWRITER/ 


No need to develop film again! This 
advanced Electronic Still Camera 


WORD PROCESSOR captures photos and leta you view 
Arevolution in writing is right them on your TV! 
at your fingertips! NO TRAIN- + Set includes: 1 camera, 1 floppy disk, 
ING NECESSARY... built-in АС adapter, 1 rechargeable battery & 1 
instructions appear on the сав TVgpnnecior chord & remote 
screen while you see what + Records still photos to playback on TV. 
ou write! Perfect for de- IU IEEE TE + No photo film required. 
ROR office or home use. * No special connectors or equipment 


required! • High-resolution. 
Thermal print head for ultra- + Shutter speeds up to 1/1000 sec. 
quiet printing. * Includes ribbon, dictionary, storage freezes even the fastest movement 
‚үүт yt, delel è text. diskette & paper. into sharp, clear pictures. 
+ Buln 50,000 word dictionary lets you Factory Serviced, but ike new! “Images aro stored on reusable video 2,58 

check spelling at any time. * Full Factory Warranty! floppy кы to 50 frames can be A 
+ Built ч stored per dis! 

Built-in type styles: normal, bold, wide, - High speed picture taking-5 frames M'O: Sugg. Retail 


superscript, & subscript. " А T ў 
+ Screen splits so you can work on 2 Mig. Sugg. Retail $799.95 per second $1,499.00 


+ Dim.: 3-3/8°Н x 3-7/8"W x 6-1/4"D. EXE $ 
DAMARK PRICE DAMARK PRICE 
Copes ИЕ [DAMARK PRICE: | $399 + Weight: 2.1 Ibs. * Model #: VS-101 


+3 1/2" disk holds approx.75 pages. Item No. B-1253-107763 v Mtem No. B-1253-117028. 
< Automatically loads paper & envelopes. insured ShipHand. $14.50 One Year Parts, 90 Day Labor. Insured ShipiHand.: $9.00 


PRO-VIDEO нуи SHOWER IMAGE 


Die А FAST FORWARD E STEAM FREE SHOWER 
Pa -ИЕЈ ELECTRONIC MIRROR & VIBRATING SHAVER 


closeout GUITAR UNISYNTH XG-1 f . steam-FREE mirror 


we've ob- * 6 different synthesizer voices: Guitar 1, і, @ for your shower. 
tained loads + Synth, Vibes I, II & Brass. * Flexible mirror arm 
of these VCR- + 8 rhythm patterns including rock, disco, adjusts to where you 


4 eroe want 
saving VHS meg, tat baked, watz, 16 beats ала б. Condensation is 


Tape Rewin- Mi - Touch responsive right hand strum Shminslad due to 
ders with Fast stings. grooves behind the 
Forward! We M * Full manual fingerboard. ROO 

can offer à * Built-in speaker/amplification system. * Bonus vibrating haver 


+ Easy-to-follow, step-by-step operation included. 
these rewinders to you at a low, low closeout pgg ue toes Wea + Shaver has quiet 


price! > + Factory New! Factory Perfect! electric micromotor. | 
i * $h ti 

Rewind А fast forward luncions. Manufacturers || | Manufacturers о байон чп bene Manufacture 

+ Lighted directional indicator, Suggested Retail: Suggested Retail: shave. Suggested Retail: 


+ Saves wear & tear on VCR $49.00 | $349.95 * Shaver uses one AA battery $59.90 
(not included). 


АНА poner o. DAMARK PRICE oamank Paice. И Geta cose, ciean shave in 
* АС 110/220 voltage. the warmth & wetness only a 

* Wt: 2 lbs. i T >} $ shower can provide! $ 2 

* Dim.: 8'W x 8'L x 2"Н. * 90 Day Factory Warranty! 


* 90 Day Warranty! +. No. B-1253-117622 пет No. B-1253-105973. + Factory New! > em No. B-1253-116533 


+ Factory New & Perfect! ^ insured ShipHand. $4.50 Insured Ship/Hand.: $9.00 Factory Perfect! Insured Ship/Hand.: $5.00 
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ST— ZIP CONTINENTAL 


STATES ONLY 


SAVE $$$ 


Never need a barber again. 
Does all styles, measures length, 
cuts, tapers, collects all clippings. 


INTRODUCTORY OFFER 


THE $19 95 VIDEO TUNE UP FOR ALL CARS! 


automobile yourself, standard or electronic 
‘save money! These VHS Video Tapes 
teach you step-by-step how to tune-up your car at а 
fraction of those inflated prices at the garage! 


OTHER TITLES SOON TO FOLLOW: 

* 20-minite oil change ө Fluid, filters, hoses & belts 
* Understanding fuel injection • Marine engine 
maintenance 


Great haircuts with ease. Back of head 

is easy too. Just pass it over hair. 

Johnny Carson sedit e 

live on the TONIGHT show, You can too. You'l look better, feel bette 
For the price of one haircut, get fresh haircuts often as you like. 
Full money back guarantee, Patent pending. Charger included. 


Free details or тай today $24.95 for haircutter (add $3 for shipping) 
to: Robocut Co. P5, POBox 9596, Ft. Colins 
Co. 80525. Or сай 303 225 9060 
== 


lectricity, 
the Sunelco 
planning guide 
and catalog is for you! 
Packed with "how to" information and the 
most advanced products available, our forty page book- 
let details the design of RV, home and water pumping sys- 


tems. 

We provide free design assistance and low mail order 
pricing on Arco modules, controllers, batteries, inverters 
and surplus modules. 


Send check or money order for $1995 plus 
$2.50 shipping and handling to: 


CAR INDUSTRIES Inc. 418A Appelrouth Ln. 


| союш К 
Send $3.95 for your Sunelco Planning м жщ кынын ui" 
Guide & Catalog Today! Florida residents add sales tax./ Allow 4 to 6 weeks delivery. 


SUNELCO, Р.О. Box 1499-PS 
Hamilton, MT 59840 (406) 363-6924 
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| FALLOUT! with 

у M-CLIPS™ 


ternational 
Will buy your erp oe зии HYDROPONICS а guaranteed perfect ; 
Kill GROW LIGHTS Fah an Yare 


OPlatinum L 0 
Shaun. „IREE CATALC G | si Бү pkg ol 60 e: 
tered trade hame TOLL FREE 1-800-634-0999 WEST AETECH, PO. 6298, Lawrenceville, NJ 08648 


APPLIED HYDROPONICS, INC. 
ХИ TRANSACTIONS STRICTLY CONFIDENTIAL 208 ROUTE 13, BRISTOL, PA 19007 
ийме асте comer E E | 3135 KERNER, SAN RAFAEL, СА 94901 
All metals to be melted down and considered 
scrap. Record of transaction to be enclosed. 


Print in block letters & include in Tir DEALER/DISTRIBUTOR!! DESIGN PATENT PENDING! 


name and full mailing address. * 416- 
pusa f INFRARED SENSOR CONTROL 


lo 
LA] in Canada) 

51,6. & P.M.M Ltd. iG, & P.M.M Ltd. INDOOR/OUTDOOR. Connects 110 volts. 
рне таста ehe Е Light, T.V.. Alarm, Appliances, etc. 
14092 USA S T 1N4 Canada Size: 4%” x 3° w. Mounts anywhere 

180° Detection. For homes & commercial 

Mobile homes 12V Model available. 

VANPORT INC., 795 Peace Portal, 

Blaine, WA. 98230 (Add $4 for shipping) $27. 


FACTORY- 
ASSEMBLED @ 


| * Takes 15 НР 
"Д | | why pay $1000. or more 

FACTORY- for an inflatable boat? Our popular 
ASSEMBLED ff | | Sea Eagle GT-15 holds 5 adults, goes over 20 mph 

or in KIT and costs far less.It features molded plastic floorboards 
and transom for longer life, better performance, easier 
assembly and no maintenance! 
FREE COLOR CATALOG! Phone toll-free anytime: 
1-800-367-3600 Extension 370 or write: 
= Э... 


ері. 370 
200 Wilson Street, Port Jefferson Station, № Y. 11776 


= Call 1-218-326-6786 or Write 
a Charmaster® 
307 € HWY 2 W. 


2: D 
GRAND RAPIDS, MN 55744. 


MAKE MONEY 
Swiss Int 


BUILD THIS 20 ft’ DOME 
FOR LESS THAN $400, 
Use for garoge or storage 
plans available 
for 14 up to 50 ft Domes 
For How to... book'send $5.10: 
KEY DOME, DEPT, PS59 
РО. Box 430253 


South Miami, FL 33143 


THE QUALITY ALTERNATIVE TO 
HIGH COST INFLATABLE BOATS 


* 11'8" long x 5' wide inflated [| 
s * Holds 5 adults 


— 


landscape your home or 
п; Haul logs, 


Tele-Magic connects E e 


VCR, Cable, or tea R 
Satellite to TVs in SE MU t 
complete construction details... $7.00 


мег сш for STRUCK KIT + 59 
only $39.95! SEGA etal i 


The incredible new Tele-Magic 
puts all of your TVs, your VCR ж ж ж ж ж PRESENTING ж ж + 4 4 


and your cable on one household CABLE TV 


SPECIAL MONEY-SAVING INTRODUCTORY OFFER! 


network—without any new wiring! n 
Tele-Magic plugs into your phone FEQUIEMENT ŠSS 
jack and uses existing phone JERROLD, HAMLIN. ee 
Мо ond. at an incredibly low ANO OTHER FAMOUS MANUFACTURERS ss 
PMONLY $3895 + S208 8 & H кыре SS 
T NOERS SHIPPED FROM STOCK WITH Je HOURS to 
For fast delivery M/C or Visa call: foe ress covuce ом t p00 365 8927 | сс 
1-800-223-8672 Ss: 


or send check or money order to: 
KENNEDY TRADE INC. E PACIFIC CABLE CO. INC. ‘supply wil по! las long so order 


P.O. Box 628, Monsey, N.Y. 10952 NDA CAES = був return within И day for ful eund (less shipping). 
Mat тими, Des PES, 37 Brompton М. Box 4, Crest eck, NY. TZ 


П 
б 
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1500 sq.ft, home plans & fully engineered 
connecting hardware — $1650. Complete pre- 
cut kits and a variety of floorplans available. 
Attractive, easy-to-assemble, energy-efficient 
New 40-page color catalog & тоге—$8. 


Ам TIMBERLINE GEODESICS 
2015 Blake St., Berkeley, CA 94704 (415) 849-4481 


UPHOLSTERY TRAINING VIDEOS 


Furniture Fundamentals: Well show you how to recover 80% of 

ай the furniture ever made. 2 hr VHS'Beta $49.95 ppd. 

‘Auto-Marine: Renew car, truck and boat seats 2 hr VHS/Beta 

$49.95 ppd Manual: "How To Start an Upholstery Business, 

$10.95. MONEY BACK GUARANTEE 

Tools, supplies and follow-up available, Free brochure. 

Visa MC Mail Check or money order to: 

707-096-1059 Verano Upholstery 

Outside Ca 1-800-695-3493 Box 128 PSM (19411 Riverside Dr.) 
Е! Verano, Ca. 95433 


PVC PIPE FURNITURE 


Profitable Home Business 
Plans, Kits & Supplies 


FREE BROCHURE 
J & L Casual Fumiture Co. 
Р.О. Box 208 - Dept. PS 
Tewksbury, MA 01876 


Tel. (508) 851-4514 


Rx Eyeglasses ‘Breakthrough’! 
low To Buy Direct By Mall 


Sale Easy Full line of frames, lenses & coatings, Sport & dress. 
FAST delivery. Try for 30 

[eys 100% Guaranteed. 

300,000 sold since 1959, 

Send for FREE catalog 
Prism Optical, Inc., Dept PS59, 
10992 NW 7th Ave 
N. Miami, FL 33168 


From $46.95 


Train 
FAST 


at Home! 


If you enjoy fixing things, you're a “natural” 
to make hundreds of EXTRA DOLLARS a 
year in the fascinating business of Lock- 
smithing. Rising crime has increased de- 
mand for service a thousandfold. Yet there's 
only one Locksmith for every 17,000 people! 
COLLECT CASH PROFITS ALMOST AT ONCE! 
You're "in business" ready to make $10 to $26.00 
an hour a few days after you begin Foley- 


Belsaws shortcut traning. Easy ilusirated les- 
sons complete with ALL practice equipment 


( 


ФАЦ. TOOLS YOURS TO KEEP 

€ KEY MACHINE YOURS TO KEEP 
€ EXPERT PERSONAL ASSISTANCE 
€ BUSINESS-BUILDING HELP 


THIS DO-ALL PRO 


KEY MACHINE YOURS 
MEC 
З аа А 


"War injuries left me 
badly handicapped, but 
now т a financial success 


cksmi 
35 2 training. Besides, the 
Work is fascinating, If I can 
do it anybody can." — 
Glen Johnson, Larned, Kan. 


— 


Rush FREE book, “Keys to your Future.” 
Name. 
Address. 
City. 


th, thanks to 


Make Up to $26.00 an Hour — even while learning! 


BeaLOCKSMITH! 


enable you to get your share of this always- 
profitable business. Hundreds we've trained 
are doing it. So can YOU. 

MAIL COUPON to discover how Locksmith- 
ing can keep the extra money coming in dur- 
ing spare time — ог in your own full-time 
business. Ideal for retirement—good jobs, too. 


FOLEY-BELSAW INSTITUTE 
6301 Equitable Rd., Dept. 11625 
Kansas City, Mo. 64120 

N. Hunt, Wilmington, Del.—'"! make $50 а 
week extra.” 
R. Davis, St. Louis, Mo.—" cleared $110 last 
Saturday." 
Ed Boyle, Pittsburgh, Pa. 
at top speed. I'm moving 


) 


My business goi 
о bigger quarter 


IL THIS COUPON e NO SALESMAN WILL CALL 


LSAW INSTITUTE. 


ғо! 
6301 EQUITABLE RD., DEPT. 11625 
KANSAS CITY, MO. 64120 


Putting fruit to sleep 


Once autumn meant the few months 
when you could munch on truly crunchy, 
juicy apples. Now, thanks to a new pre- 
servative called Nutri-Save, apples fresh 
enough to tempt Adam himself may be- 
come available as late as eight months 
after harvest. 

Nutri-Save is made from a derivative 
of chitin, a polymer similar to cellulose, 
that makes up the shells of crustaceans 
and insects. Although derivatives of chi- 
tin have been known for years, this is 
one of the first water-soluble formulas. 
When sprayed on apples, the nontoxic 
Nutri-Save regulates the gases passing 
in and out of the fruit, creating an indi- 
vidual atmosphere for each apple. 

Fresh fruit is living tissue, explains 
Dr. Perry Lidster, a fruit physiologist at 
Agriculture Canada. “The deterioration 
of fruits and vegetables is directly de- 
pendent on the rate of respiration. The 
faster the rate, the quicker that vegeta- 
ble or fruit deteriorates.” 

On the other hand, stopping respira- 
tion completely triggers enzymes that 
cause an apple to rot inside. By slowing 


the amount of oxygen entering an apple 
and carbon dioxide respiring from it, 
Nutri-Save film in effect puts the fruit 
to sleep. 

Tests show that Nutri-Save prolongs 
freshness for several weeks. Apples to 
be processed last 250 days when treated 
with Nutri-Save and placed in cold stor- 
age—about 100 days longer than apples 
in cold storage alone. 

Nutri-Save evolved when Acadia Uni- 
versity chemist Ernest R. Hayes was 
challenged to find a usable form of chi- 
tin by a friend concerned about seafood- 
shell waste pollution from processing 
plants. After investing nearly a decade 
in the project, Hayes created a water- 
soluble chitin. In what Hayes calls “a 
bit of serendipity,” Lidster overheard 
Hayes discussing his discovery and that 
triggered the preservation idea. Lidster 
requested a sample, applied it to apples, 
and found the transparent film worked 
as he surmised: The apple's rate of res- 
piration decreased. 

Lidster then spent more than five 
years refining the film, toying with the 


concentration of the derivative until he 
pinpointed the most effective formula, 
including variations for pears, plums, 
and green peppers. The film can also be 
applied to the stem scars of tomatoes, 
where all of the fruit’s gas transmis- 
sions occur. 

“I believe there aren't any health 
risks,” says Lidster, “because it’s like cel- 
lulose. Our bodies work at it like fiber, 
and fiber is good for you. So it’s proba- 
bly a positive thing to have in your diet.” 

Already Nutri-Save has limited ap- 
proval from the Department of Health 
and Welfare (Canada’s food and drug 
administration) for fruit that is washed 
and peeled before commercial process- 
ing. The scientists expect both the US. 
Food and Drug Administration and De- 
partment of Health and Welfare to ap- 
prove the film for edible use because it 
is nontoxic, biodegradable, and will wash 
away with water. 

Nutri-Save should save consumers 
money too. Unlike costly controlled 
atmosphere storage, Hayes estimates 
preserved apples would cost only “а 
few cents more per pound." Hayes 
produces 132-pound batches of Nutri- 
Save and hopes to build a plant this 
year for commercial-size quantities. 
—Judith Anne Yeaple 
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Readers Talk Back 


Repeats or treats? 


I trust that the December 1988 issue's 
“The Best of What’s New” will be the 
first and last in the 116-year history 
of PoPULAR Science. Granted, to the 
first-time reader the issue was infor- 
mation packed, but to the faithful sub- 
scriber this seems like a rerun. 
Larry F. Smith, Warren, Ind. 


Don't waste your resources on "The 
Best of What's New" next year. You 
can't do the items any justice with а 
one-paragraph description. Give us one 
more fleshed-out article instead of a 
teasing list of titles. 

Jim Butler, Aiken, S.C. 


The 100-best-of-1988 concept is great! 
The "What's New" columns are the rea- 
son I await each issue with interest. 
I'm looking forward to 1989's 100 best. 

J. B. Andrews, Los Angeles, Calif. 


Current confusion 


It is incorrect that electric current 
can be stored, as written in “Rings of 
Power" [Jan.]. Current is the flow of 
free electrons in a conductor and oc- 
curs only when there's a difference of 
potential between two points in a cir- 
cuit. Energy is what is stored in the 
magnetic field produced by the current 
in the superconductors forming the 
magnetic energy-storage ring, as you 
correctly stated later in the story. 
Dennis R. Kember, P.E. 
The Ralph M. Parsons Co. 
Pasadena, Calif. 


Message from space? 


It's quite obvious why the 300-foot 
radio-telescope dish at Green Bank, W. 
Va., collapsed [“Science Newsfront,” 
March]: Somebody out there doesn't 
want us listening! 

Andrew C. Mueller, Waukesha, Wis. 


Unjust comparison 


Ibelieve the Ford was not given a fair 
test in February's “America’s Trucks.” 
The Ford F-150 five-liter Y2-ton truck 
was tested against considerably larger- 
engine trucks: the 5.9-liter Dodge D250 
Sweptline and 5.7-liter C2500 Fleet- 


Address letters for this column to: Readers Talk Back, Poruta 
Science, 2 Park Ave., New York, М.Ү. 10016. We are unable to 
acknowledge unpublished letters. 


side Chevrolet %-ton models. The Ford 
was also a Supercab and so at the fur- 
ther disadvantage of hauling more 
dead weight. A more fair comparison 
would have been to use a regular cab 
Ford F-250 with a 5.8-liter engine. 
PoruLAnRSciENCEdoesreadersa disser- 
vice when it tests vehicles designed for 
different tasks and makes recommen- 
dations based on those comparisons. 
David S. Aultman 
Granada Hills, Calif. 


We received many letters similar to 
Mr. Aultman's. While there also was 
variation in rated gross vehicle weight 
among the trucks, the differences in 
weight were small and largely due to 
differences in fuel capacity. Regardless, 
the smaller-engine Ford finished with- 
їп а half second of the Dodge unloaded, 
despite the dead-weight handicap— 
which was the basis for our crediting 
Ford for having an edge on its port-fuel- 
injection-equipped power plants. The 
Ford was also first overall in braking. 
Our admittedly subjective preference 
for the Chevy was based mainly on its 
overall handling and ride. This was 
underscored by the truck's strong show- 
ing on the handling tests, where a 
heavy-duty suspension package often 
causes problems when the truck is un- 
loaded.—Dan McCosh 


Much obliged 


Regarding Sherry Rowland's “thank- 
less" work on chlorofluorocarbons [“The 
Man Who Knew Too Much," Jan.]: I 
would like to thank him on behalf of 
all of us who have grown fond of this 
Earth. 
Robert Reynolds 
Jamaica Plain, Mass. 


Disturbing fields? 


In your December 1988 issue you said 
that maglev trains were being consid- 
ered for transportation. The magnets 
needed would be huge and inevitably 
create strong fields. Would these mag- 
netic fields penetrate the train's floor 
and interfere with passengers' watches, 
memory devices, pacemakers, and the 
like? 

Ronald W. Quade, Piscataway, N.J. 


Conventional electromagnets and per- 
manent magnets, which were discussed 
in the story, aren't considered a prob- 


lem. But designers of Japan's high- 
speed maglev, another system, are con- 
cerned about fields from its powerful 
superconducting magnets. They plan to 
seal the magnets in shielded compart- 
ments at the ends of the vehicles, away 
from passengers (see “310-mph Flying 
Trains," this issue).—John Free 


Compliant coatings 


Your article “Water-Based Varnishes” 
[Jan.] was of special interest to me. Al- 
though the story primarily covered 
floor varnishes, it implied that the 
gamut of water-based coatings is in the 
research phase. However, Stain Spe- 
cialties has been making such coatings 
for more than 10 years. The coatings 
are being used by manufacturers who 
need to comply with the tough air- 
pollution regulations in the Southern 
California area. 
Alex Lowe, president 
Stain Specialties 
Santa Fe Springs, Calif. 


It’s elementary 


You were incorrect to say there are 103 

elements in the periodic table [“Look- 

ing Back,” March]. Although many 

chemistry textbooks continue to pub- 

lish tables showing only 103, the dis- 

coveries of elements 104 and 105 have 

been confirmed by Soviet researchers 

and scientists at the University of Cal- 

ifornia, Berkeley. In addition, I read 

recently that element 106 has also 
been positively identified. 

Dr. Brian R. Strohmeier 

Senior Scientist 

Aluminum Co. of America 

Alcoa Laboratories 

Alcoa Center, Pa. 


Not only element 106, but elements 107, 
108, and 109 have already been made 
in the laboratory and identified at the 
GSI in Dermstedt, West Germany. Ele- 
ment 110 is debatable.—Arthur Fisher 


And the winner is... 


In “What’s News” [Dec. ’88] you said 
the Israelis seem about to win the mag- 
netohydrodynamics race. With the help 
of PoPULAR Science America is not as 
far behind as you think. In a July 1985 
article you wrote that the Israelis were 
having trouble using rising bubbles to 
pump liquid metal through a magnetic 
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field to generate power. From reading 
your magazine, I came up with a pa- 
tent to solve that: Part of the metal is 
cooled and solidified, forming a piston. 
The idea has not yet been physically 
tested, however. 

Reagan Houston, РЕ. 

Hendersonville, N.C. 


Plane-parachute precursors 


Tread your article “Plane-Saving Para- 
chute" [Dec. '88] and thought you'd be 
interested to know that my brother, 
Edmund J. McKeon, barely survived 
а drop on Nov. 15, 1929, with twin 
plane parachutes, which you covered 
in your February 1930 issue. He made 
two previous drops with one parachute 
and badly damaged the plane's under- 
carriage. 

Daniel J. McKeon, Davenport, Iowa 


You should have given Roscoe Turner 
some credit in your December article 
on landing a plane by parachute. In 
November 1929 Roscoe landed a three- 
place biplane using a 60-foot parachute 
before 15,000 spectators in Santa Ana, 
Calif. 

Jim Marshall, Cozad, Neb. 


X-31: not so new? 


The proposed thrust-vectoring system 
used in the X-31 supermaneuverable 
fighter [Feb.] is similar to one devel- 
oped by Dr. Robert H. Goddard. On 
April 19, 1932, Goddard and his crew 
launched a gyroscopically stabilized 
liquid-fuel rocket equipped with four 
thrust deflectors for directional control. 
According to Milton Lehman's book 
This High Man, the system received a 
US. patent that year. Its basic princi- 
ple was later used in the German V-2. 

Forrest M. Mims III, Seguin, Texas 


Spot stopper. 


Although your article "Super Stripper" 
[April] did not suggest to do so, I want 
to warn against using steel wool with 
3M's new Safest Stripper paint and var- 
nish remover on wood. 3M tests show 
that dark spotting is caused by steel- 
wool fragments left on the wood after 
use that react with the water in the 
stripper and tannic acid, a chemical 
in wood. Tap water used with steel wool 
on bare wood also causes spotting. The 
spots should be removed immediately 
with squeezed lemon juice (not bottled 


varieties), oxalic acid, or muratic acid 
diluted 20 parts to 1. 

Michael R. Virgintino 

Senior P. R. Representative 

3M, New York, N.Y. 


Hush that heat pump 


I was glad to learn that Carrier Corp. 
isintroducing its Hydrotech 2000 heat 
pump, which has the compressor inside 
the house [Feb.]. My next-door neigh- 
bors have a heat pump with the fan 
and compressor outside. They have no 
idea whether the pump is on or off be- 
cause they can't hear it—but I can. Re- 
cently I helped build an insulating box 
around the pump that cut the noise al- 
most in half. But I still need ear plugs. 
Jackie Leonardsimmick 

Atherton, Calif. 


Corrections: The correct name of the 
firm that made wind-tunnel tests on 
models of the X-31 fighter [Feb.] is 
Tracor Hydronautics. 

The RedMax Reciprocator's engine 
[*Yard Power," March] is 22.5 cc. 

In "Automotive Newsfront" [March] 
a drawing of the Plymouth Laser was 
misidentified as the Chrysler Laser. 


Classified Opportunity Mart 


EMPLOYMENT INFORMATION 


EASY Work! Excellent Pay! Assemble 
roducts at home. For info. Call-504- 
11-8003 Ext. A-8068. 
GOVERNMENT JOBS $16,040 — 
59,230/yr. Now Hiring. Call (1) 805- 
ш) Ext, R-20025 for current Federal 


MAILING LISTS 


NEW ACTIVE NAMES! 
(Lan) STAT ERISA NATE ананы. 
Adhesive Labels—Hot Line Op) nity 
Seekers, 200/$10.00; 500/$15.00, 10007 
$25.00. Others Advon, Drawer B6, Shelley, 
10 83274. Visa/MC/AmEx. 1-800- 
992-3866. 


sport Employnient, Box 19760. FQ, Inde 
e! loyment, Box indi- 
napois, IN Дет 


$1000 MONTHLY. Part Time. Must 
ave answering machine. 1-416-482-3000 
152A, Days/Evenings/ Weekend 


GOVERNMENT JOBS $16 000. 
),000 immediate openings, for appl 
S 1-800-333. 220. 


JOBS, Any State, Any Оссира! n- 
uding Government, State, Public, Also 
ruiseships, Tugs | Ships, Riverboats, Oil- 
gs. Women- fork month- Home 
A. plus Overseas. Information 
jonwide Employment, B223PS, 
na 47110. 


WELDING JOBS $11.50 to $16.00 HR. 
end $5.00 for information. MTC Enter- 
rises, Suite 158, 4344 S Archer Ave., Chi- 
go, IL 60632. 

MONEY MAKING OPP. 
Cheap, 


BUMPERSTICKER Prini 
im] шр, Portable. Free Details. Bumper, 
22791 (LLD), Tampa, FL 33622. 


rts Caps. Inexpensive, 
lies, Press, PO. Box 
33623. 


эт RICHI! Secret law smashes debts 
cash credit! FREE report!! Wealth- 

a х 4036, Pompano, FL 33063. 
‘STARTING YOUR OWN SUCCESSFUL 
USINESS. FREE Subscription to Oppor- 
nity Magazine tells how. Wri te Opportu- 
у, Dept. P79, 6 N. Michigan, Chicago, 


NEW NAMES DAILY! IMMEDIATE 
SHIPMENT! Guaranteed Opportunity 
Seekers, Adhesive lables. 200/$8; 500/811; 


VISA/MC/COD. 800-356-6392. 


MISCELLANEOUS 


SPOKE GUN $4.00 for Kit. ADJTEC, 
Box 15068, Ft. Worth, TX 76119. 


GOLD, Бк, Platinum containing scrap 
& Me juotes & sample evalua- 
tion, PM PMs 1 doo: 932-1010, Box 191, 


WANTED-DIVERS TO ENJOY o in, 
Sea Turtles, & Other Sea Creatures. Send 
For Free Brochure—$85./Per Day. For A 
Great Vacation! Dream Team, Inc., Р.О. Box 
3271, Indialantic, FL 32903. 


YOUR Secret Mailing Addresse Will 
Keep Or Re-Ship. Juan Cubillas, Box 64, 
Guaymas, Sonora, Mexico. 

to reduce choles- 

terol. Free Detalle Wer \dwide Enterprises, 
Box 5006, Tampa, FL 33605. 
PLASTICS 


CASTOLITE Liquid Plastics. Crystal 


clear, colors, For casting, embedding, coat- 
ing, fiberglassing and reproduc- 
ing with our Mo id ofi ine Sa lies. Cata- 
log $2.00. CASTOLITE, Dept. 89E/PS, Box 


FUN ‘Woodstock 1L 60098." 


____саѕыс CARS 
BATTERY MASTER SWITCH 


Disconnects all electrical circuits with 
a simple turn of the knob. Attaches 
to battery in minutes. Heavy duty. 
Suitable for 12 or 24 volt batteries. 
Eliminates battery drain, prevents 
electrical fires, provides emergency 
cut-off. 

Remove knob to stop theft and un- 
authorized operation. 


$12.95 each postpaid 
Add $1 for side post adapter 
BATHURST, 
Box 27-PS, Tyrone, PA 16686 
81 4-684-2603 


Quantity discounts—12 units or more. 


SALESPERSON DISTRIBUTOR 


FREE Sample. Miracle Polishing Cloth. 
Dynamite demonstrator. 577% profit. R&S, 
Dept. PS, 1312 Washington, St. Louis, MO 
63103. (314) 241-8464. 


BIRD SUPPLIES 


FREE CATALOG. Incubators, Brooders, 
Feeders, Waterers, Medications, Books, 
Coturnix, Etc. Clausing, Nocatee, FL 
33864. (813) 993-2542. 


CLASSIC CARS 


Motor News 
Box 100, Dept. 9517, Bennington, Vermont 05201 


WATCHES, CLOCKS SALES 
& SERV 


GENUINE SEIKO" watches at wholesale 


prices. No nonsense. Catalog $2.00 (refund- 
able). Timepiece, PO. Box 3204S, Ridge- 
wood, NY 11386. 


DETECTIVE 


Training Pro 
bal, Box 191: 


(TOR Home-study 

. Free Information. Glo- 

, Hanover, MA 02339. 
CAMERAS & PHOTO SUPPLIES 


TNE гиз mite 
250 rolls, any size. Free details. PG’ 
МР805, Boy 1758, Bethesda, MD 20817 


BUSINESS SERVICES 


A Creative Financing Specialist. Venture, 
Farms, Hotels, Malls, USA Foreign Money 
Deal Direct. North Star, Harmony, WVA 
25243. (304) 577-6336. 
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Classified Opportunity Mart 


Reach 4.3 million readers every month with an ad in Popular Science's 
Classified Opportunity Mart. July Issue Deadline (on sale June 13) 
is April 28. Rates: $9.35 per word. Min. ad 10 words. Darker 
type (Bold) words $1.00 per word extra. Display Classified: $520 per 
inch. Payment with order, or charge your Visa, MC, Amer. Exp., or 


Diners Club Account (give # & exp.) Advertisers using box number 
in ad must furnish name & street address for our records. Send order 
& remittance payable to POPULAR SCIENCE, Classified Dept. 6C, 
2 Park Avenue, New York, NY 10016. 212-779-5000. For adver- 
tising information call 800-445-2714. 


Dorothy Ellis, Sr. Class. Adv. 


Ernestine Grant, Class Adv. Dir. 


JERROLD 310500 ZENITH SUPER 


STARGATE... $99.00 


MANY MORE... CALL OR WRITE FOR 


FREE FAST INFORMATION. 

YOUR BEST BUY'S & WARRANTIES 
FOR CABLE CONVERTERS AND 
DESCRAMBLERS START WITH A 
FREE CATALOG FROM. 


OMAHA, NE 68114 


ENGINE OVERHAUL KITS: Wholesale 
Catalog $2.00. Engine Service Group, Dept. 
PS, Box 13053, Lansing, MI 48901. 

SLICK 50 FOR LESS. $31 postpaid. 
BEAT ANYONE. Quantity discounts. 
SPECIALTIES, Box 7783, San Jose, CA 
95150. (1-800-537-7932). (In CA (408) 
28-SLICK 


WS Triples MPG. Free 


Information. H&A, R2PS, Bowling Green, 
MO 63334. 
18 It True You Can Buy Jeeps for $44 
through the US. government? Get the facts 
T Call 1 42 Ext. 4606. 


GOVERNMENT SEIZED Vehicles from 
$100. Fords, Mercedes. Corvettes. Chevys. 
Surplus. Buyers Guide, (1) 805-687-6000 
Ext. S-20025. 


ORDERS AND CATALOGS CALL 
TOLL FREE 


FOR INFORMATION PLEASE CALL 
402 17 


FOREIGN NEWSPAPER 


WORLDWIDE ENGLISH NEWSPAP- 
ERS/MAGAZINES! Sampler: 3/$2.49. 
FREE BROCHURE. MULTINEWSPAP- 
ao DE-35, Dana Point, California 


HOVERCRAFT 


AERO-CAR Amazing Hovercraft built 
with ordinary tools. Lawnmower en- 
owered, Carries one man plus. Flies 
ind/ snow /water. Complete plans and 
booklet. $11.96. Aero-Projects, Box SII8PS, 
Clinton, NJ 08809. 


BARTLETT FLYING SAUCER 

ГЕ Hovercraft Featured In 

Documentary Film, "Force Beyond" Pow- 

ered By Ordinary Lawn Mower Engine: 

Complete Plans and Supply Sources. $10.00 
To: Herb Bartlett, PO. Box 156-S, 

Silverdale, WA 98383. 


„90 Super mileage carburetors work? 
"DC, 2069 Zumbehl, 
Suite 178-26, St Charles, MO 63303. 


HOVERCRAFT Plans, 3 to 160 Hp In- 
formation $4.00 (refundable). Sevtec, Box 
846, Monroe, WA 98272. 


AUTO SUPPLIES & EQUIP. 
SLICK БО. GUARANTEED LOWEST 


gine 


WINDSHIELD POLISH PARE removes 
fine scratches and haze caused by wear and 
air pollution, restores visibility, Hand rub 
or power buff. $9.95 post paid. H. M. Cres- 
cent Со, 309 Reavis Place, St. Louis, MO 


GOVERNMENT 
SEIZED PROPERTY 


CAR COLLECTING VIDEO 


721-2997 Ext. 3205. 

GOVERNMENT SEIZED VEHICLES 
from $100. Corvettes, Mercedes, Imports 
now available. For Buyer's Guide call 1-800- 
333-4100 ext. V-229. 


HOME CRAFTSMAN 


SUNROOMS AND SKYLIGHTS 
CUSTOM SIZES AT STANDARD PRICES 
Stondard sizes don't fit your home? 


Since 
1948 


CALL 1-800-476-3131 
560 Boker Road, Virginia Beach, VA 23462 


MAKE WOODEN TOYS, whirligigs, clas- 
sic autos, swing sets, doll houses, crafts 
furniture with our plans, parts, kits, 
plies. Color و‎ subscription $1. "ê 
484-4363. Toys, Belmont, OH 
437. 16098. 


COMPLETE CLOCK KITS FROM $5.90! 
Music movements $1.95! Components, 
plans, epoxy. prints-over 800 clol making 
items. Wholesale catalog $3.00 (credited). 
Steebar, P.O. Box 463-S, Andover, NJ 
07821-0463. 


PAPER TIGERS‘ New Military М! 
Airplane Kits. Flies Great 1 
Details. Northwest, 

Fairchild, Washington 9 


AIRBOATS — Hovercraft Supplies. Pl 
Kits, Propellers, Engines. Catalog, $3. 
эро „ Box 640Р5, Meeker, Oklaho| 
4! 


воом! 
LIAN 22 inches best available 
Box 80, Archerfield 4108 AUSTRALIA| 


BEAUTIFUL AIR FORCE LITHOGRA! 
sets— great prices— free price list.—Selk 
Co. 295 Tappan St, Brookline, MA 021 


Build 
Your Own 


le No license need 
PLANS — fully онтон 
Only $1a.95* 
Helicopter Experimente 
X SPECIAL Ж 


Both Books: Only 319.95! 


STEAM ENGINE KITS 
Power models at savings to you! $1.00 liter- 
'М Research Inc., Dept. 5, RD#2, Box 
29, Ө. Wellevilies NY 14895 
NEW! BUILD AMAZING LIQUID PIS- 
ТОМ ENGINE from pipe fittings. Easy 
Plans. Woo "RCO, Bae Box 306-55, 
Seminary, MS 39479. 


ALL TERRAIN VEHICLES 


BUY ONE AND WE'LL MAKE 
YOU AN EXCLUSIVE DEALER 


(21-years-old and over, Please) 


Call Toll-Free 1-800-255-2511 
NY and Alaska 716-855-2226 Collect 
Canada Toll-Free 1-800-338-0012 
Recreatives Industries, Inc. 

60 Depot Street, Buffalo, NY 14206 


AVIATION 


HOBBY HELICOPTER. Ultralight single 
seater. Simplified construction—Motorcycle 
engine. Brochure $5.00. POLYNOVA, Dept. 
PS, Remi, Quebec, Canada JOL 200, 


14 TOMCAT (TOPGUN) MAGNET. 
This aiment Y long refrigerator aircraft 
magnet is beautifully detailed. ($8.50) 
Eppes Corner, 4040 W. Church, Skokie, IL 


CORVAIR Corvair catalog, 
4500 400 , $4.00 Clark's Cor- 
Box 37, Shelburne, MA 01370. 

STOP auto theft. Easy to install. Ulti- 
mate protection. Send $19.95. S&K E; 
neering, PO. Box 2629, Westwood, МА 
02090. 


FUTURE CARS VCR Tape—Dealers— 
Plans “Fireaero” + “Litestar” Send $25.00 
To: Electromotive San Marcos, 1232 Los 
Vallecitos Blvd. #110, San Marcos, CA 


92069. 


AMAZING 1791 flying machine CLIMBS 
to 10,000 feet NO LICENSE required NO 
WINGS or Helicopter blades FOLDS to fit 
in trunk of car SAFEST, Easiest, Cheap- 
est way to fly for complete info + FREE 
Demo flight send $5.95 to: Freedom Fliers, 
РО. Box 135B, West-Pittston, PA 18643. 
(Buy One Be A Dealer If Open.) 


FLYING Saucer Model For Remote Con- 
trol Hobby Hobbyist Info $3.00. Illustrated ла 
ATIS Rykco Toys, 325 Beach St., Revere, 


UNIQUE 
PLANS 
KITS 


STANGEL ENTERPRISES 


less m 
و‎ ri ШОШ 


7 озу 


COMPLETED JET 


BUILT BY HOME BUILDER 
FOR OVER 20 YEAR: 
"ЈЕТ POWER" COLOR VIDEO (VHS) 29.8 
130-LB. THRUST JET BLUEPRI 
[20-LB. THRUST JET BLUEPRI 
Send for FREE BROCHURES! 
$12.00 — Complete Information Paci 
Plus 60-Page Technical Handbook 


EMG ENGINEERING 
P.O. BOX 1368-G 
HESPERIA. CA 923 


ALTERNATE ENERGY 


FREE HYDROGEN FUEL and Owe 
Generator uses Water and Solar 
Plans and Kit $12.00. Prairie Power, B 
8291, Edmonton, Alberta, ТЄН OL 
Canada. 
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ILTERNATE ENERGY (Con't) 


APLUS solar cells, panels. Catalog 
Î refundable. Applied Photovoltaics, 
773, Staunton, Virginia 24401 


O UNCONVENTIONAL ENERGY 
INOLOGIES! AMAZING DATA- 
CATALOG! $2: REXCO, BOX 1258, 
[КЕГЕҮ, CAL 94701 


EL FROM WATER. Ene: 
with hydrogen. Amazin, 
„ Box 694, Louisville, K 


IEE ENERGY! Fuel-less Motors and 
irators! H&A, R2EPS, Bowling Green, 
53334 


Indepen- 
report. 
40901. 


Power Systems. Catalog $10.00 
ited). Liberty Enterprises, Jolley, lowa 
1 


ATS, INBOARD/OUTBOARD 
MOTORS 


DAT KITS—PLANS—PATTERNS— 
OSE FROM HUGE SELECTION— 


— Dinghies oe SUPPLIES — = 
es — Fiberglass — Foam — SEND 


TED CATALOG 
Book “Amateur 


FACTORY саст PRICES — 
SATISFACTION GUARANTEEO 


hers Quick and simple 
remendous savings! 160- 
Lr 


т and HIGHER Cata- 
x 5127, Reno, NV 89513. 


À BUILD YOUR OWN 
„ ROCKET MOTORS! 
* 40 POUNDS THRUSTI 
* FIFTY CENTS EACH! 


* BUILD A DOZEN IN 
AN EVENING! 


Dept PS 5 mE TELEFLITE CORPORATION 
11620 Kitching St. Moreno Valley. CA 92387] 


AMAZING MINI GLIDER. Hand launch 
up to 70’ high. Only 6/4" wingspan: Ready 

у $6.00- Kit $2.00. Michael Baez, PO. 
Box 37, Forest Hills, NY 11375. 


DO IT YOURSELF 


PICKS UP A WHISPER 50 FEET AWAY 
The model WAT-50 miniature FM transmitter 


DECO INDUSTRIES 
BOX 607 
BEDFORD HILLS, NY 10507 
914-232-3878 


NEW HE NE 


LASER TUBES $35 


Dealer Inquiries Invited. 
Free Catalog! 


MEREDITH INSTRUMENTS 
6403 N. 59th Ave. • Glendale, AZ 85301 * (602) 934-8387 
“The Source for Laser Surplus” 


4321 CATALOGS listed. Sources For 
dino thins t Catalogs. Box 92452X, At- 
lanta, 


BUILD YOUR OWN SWINGSET. Com- 
lete Line of Accessories for Your Home 

ject. Free Brochure: Back Yard Cre- 
ations, PO Box 426, Hubbardston, MA 
01452. 


0.00 
0.00 
800 
4950 
395) 
243.50 
A45 
100,000 Watt CEJ 
+ ITMIK—100.000 Volt 20° Affective Range 
Intimidator 65) 
eae as 
Plasma бег... 59.50 
+ MVP Se i at i 199.50 
Generator 149.50 
ASSEMBLED v m Al c Instructions. 
5450 
LONAD- iaw iele at had in EE 
Ти n ida ees R Veer — 2030 
: Phone Infinity Transmitter 16950 
+ IPGTO— invisible Pain Fed Generator ia 
Contair descriptions of above plus. 
T Cog ses 1,00 or included free 
with all above orders. 
Please include $3.00 PH on ай kits and products plans 
are postage paid. Send chock, МО, VISA, MC In US 
s. 
INFORMATION UNLIMITED 


-Assault Featuring 
“DIRTY DAVID” can make at home! 
Free Brochure: PO. Box 468, Gresham, Or- 
egon 97030. 


PACEFLIGHT NEWSLETTER covers 
Jace Program! Request а free: 
144, BWI Airport, MD 2124 


LASERS, from $40.00 write MWK In- 
dustries, 9852 Wk Katella, Suite: 340PS, An- 
aheim, CA 92804 or call 714-956-8497. 


POOL SOLAR HEATER SAVE $88 Ma- 
terial at local Lumber co. For Instructions 
—Plans send $12.00 to: Krieg, 68 Oakwood 
Ave., Bradford, PA 16701. 


-COUNTERSURVEIL- 
LANCE! Guaranteed Lowest Prices! Hi 
Catalog $5.00 (Refundable), PROTECTO! 

P.O. Box 520294, Salt Lake City, UT 84152. 


TELEPHONE LISTENING DEVICE 


Gl 407-725-1000 э wd 91036 $1 00 
16: USI Corp., PO Box 
PEIEE Mourne, FL 32902 000105. 


Build SPECTACULAR PLASMA/ 


BUTLER ENGINEERING 
295 Coldstream Dr. 
Berwyn, PA 19312 


How To Eavesdrop 
On Your Neighbor 


ERES Su 
Tras Bose s О 


DON'T THROW AWAY THAT USED 
COPIER OR PRINTER CARTRIDGE! 
| D0 it yourset REFILL IT | rr, corens ) 


|з вазу SAVEOVERBOY | usen PRINT! 


ll 31995 


INSTRUCTIONAL 
VIDEO TAPE 


MORACK 
| INCORPORATED orders intormation | 
(812) 598-0580 | 


VOIE Disguisers! FM Bugs! Telephone 
Phone Snoops! More! Send 
Stamped envelope" XANDI ELECTRON- 
25647, Tempe AZ 85282-5647. 


POOL CONSTRUCTION 
BOOK, A-Z, common materials, tools, abil- 
ity. $29.50 delivered. Design Pools, 4850A 
Clifton-Glendale Ra., Spartanburg, SC 


DETECTION-Surveillance, Debi 
Plans, Kits, Assembled Device 
High-Tech catalog $5. Detection 
DBS E. Thomas, 419-8644, Phoenix, Ati 
zona 85016. 


WIRELESS CONTROL FOR SECURITY, 
НОМЕ. Using your 
lete Te plans $8.50 $9.95. PD. 


te 


computer, com] 
Reno, 


VCR Owners don't use head damaging 

cle: ! Clean heads the way pro- 

nd detailed manual. 

$5.00. Easy. PA.R. Video, 3404 Hillcrest 
Rd., Harrisburg, РА 17109. 


SURROUND SOUND DECODER Kit 
with Noise Reduction/Rear Speaker Am- 
Bre $39.95. Send SASE for catalog. Del- 

'hone Industries, Box 150, Elmont, NY 


MICRO FM TRANSMITTERS, books on 
building wireless and remote listening de- 
Yices, night vision equipment, Catalog 
$2.00. EPSILON CO., BO. Box 291513, Los 
Angeles, CA 90029. 


ALARM SUPPLIES Wholesale Prices. 
Save 60%, 1000 Items. Catalog $2.00. 
ALARM PO. Box 215, 
Kingsville, MD 21087. 

TV... Convert your TV to 


PROJECTION 
Bites 7 foot picture . . . Results compa: 
to 090, 500 00 projectors: ‘Total сов le an 


8" Lens $24.95 
tated ‘information Macrocoma-ai, 
Washington Crossing, Pennsylvania 18977, 


Creditcard orders 24HRS. (215) 736-3979. 
FOR THE HOME 


PROTECT YOUR HOME While On 
Vacation. How-To Booklet. $3.00. Protect, 
119-A Morehead St., Morganton, NC 28655. 


SELF | TAUGHT 


(9% 


START YOUR OWN BUSINESS 
Complete course, clearly written with photos and 
diagrams. 140 pages. Everything you need to know. 
where to order wholesale materials, how to earn 
while you leam. How to set up your shop. 
Postpaid $44 00 (US). Visa okay. Write for details. 
NEON: Peter Horsley Publications 
115 Riverbirch Cres, SE 
Calgary. AB Canada T2C 0B8 


ROOM SURVEILLANCE 
TELEPHONE 


SAVING PRODUCTS CATALOG! 66 pages. 
Order from one expert source. America' 
largest energy saving mail order house! 
So postpaid: Sal lar Components, Dept. PS, 
35 Pike, Manchester, NH 03103: 


ELECTROPLATING Complete textbook. 
Electroplate metallics - nonmetallics. 
$11.95. Details free. Tropic, Box 95E, Palm 
Вау, FL 32906-0095 


200 SUPPRESSED/DORMANT IN- 
VENTIONS! RARE INFORMATION DATA- 
BASE CATALOG! $2: REXCO, BOX 1258, 
BERKELEY, CAL 94701 


BUY CARPET & VINYL DIRECT. 
yb Lu 80%. Name brands. Shipped, 
rect. FREE QUOTES/SAMPLES. JOHN- 
SON'S CARPETS, Dalton, GA 30720. 1 
(800) 235-1079; Georgia (404) 277-2775. 


HOME CONTROL 
Control your existing lights and appli- 
ances from anywhere in your home with 
plug-in modules. Guaranteed. Free infor- 
mation. FUTUREHOME Distributors, 
Dept, P502, PO. Box 7331, Roselle, NJ 


RADON DETECTOR LISTED complete 
setup $14.95 lowest price ever. Custom Es- 
tates, Р.О. Box 952, Village Station NY 
10014. 


DETECTION—EPA Approved 
testing. Free details. Primary Resources, 
РО. Box 4200-B, Independence, MO 64061. 


MAILMINDER signals that postman has 

opened the door of your traditional rural 

mailbox. Easily attaches without tools. Sat- 

mort Enterprises $9.95 delivered. In- 

novative Enterprises, Box 7571, Pensacola, 
FL 32514. 


SURVEILLANCE, Debugging, Protecti 
Worlds largest new catalog—$5.00 Kits 
sdssembled- All price ranges. TECH- 
NOLOGY SERVICES, 829 Ginette Street, 
Gretna, LÀ 70056. 


GYPSY MOTHS? REDUCE DAMAGE! 
Gather thousand of worms and trap male 
moths. Environmently safe techniques. 
Simple plans. SASE & $2.00. R & R Shoe- 
maker, 5595 Riverview Dr., Oscoda, Michi- 
gan 48750. 

REVERSE UTILITY 
PHREAKING - HACKING - UNUSUAL 
PUBLICATIONS! Catalog $1.00—Alterna- 
tives, Box 4P, Carthay 75633-0004. 

BUILD A 72" CUT NONSCALPING, DE- 
THATCHING LAWNMOWER For less than 
$300 using your present rider. Send $15.00 
(refundable). For plans and instructions. 
Jordan Industries, 11637 Copas Road, Len- 
non, MI 48449. 
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DO IT YOURSELF (Сото 


QUARTZ CLOCK MOVEMENTS and 
supplies! Low Prices! Yankee Ingenuity, Box 
, Altus, OK 73522. 


GOLD. Beautiful 99+ pure. Refine it 
yourself from common alloys and old jew- 
elry Initial information $15.00 (Refundable 


with order). Large SASE. Arcadorama, 
gg чан Tie. San Antonio, TX 
4 


,,EREEDOM | COUNTRY 


210 Milwaukee Street, 


[3 
Deer Lodge, Montana 59722 - (406) 846-1000. 


o BURNING CUTTING CO2 LA- 
Low cost, easy method. Plans-$18. 
Def Assoc., Box 2355, Vincentown, NJ 


PAPER HANGING! The secrets and 
tricks of the professionals now on 2 hour 
video tape. Free brochure, View & Do Vid- 
еов, 109 Shippen St., Meadville, PA 16335. 


Is: 
SANDS. 
Elmore, "Ohio 43416. 


. $4.95 to: S. Kontak, Box 302, 


PATCHES DECALS & BADGES 


GUARANTEED Lowest Emblem Prices! 
Pins. Decals. Free Catalog/Quotes. Stadri, 
GIR Jane, NY 10014. (212) 929-2293. 


ENERGY SAVING 


FREE CATALOGI 
ENERGY Savers, Drainage Problem Solv- 
ers, Home Products. Jem Lawe, 700 Main, 


Westbury, NY 11590. 
REAL ESTATE 


FORMER FHA PROPERTY OWNERS 
could 


REFUND. 
Box 169, Idlebury, IN 46540. 


Trees. Creeks and Wildlife. 20 QUALITY acres 
{and up. close to Yellowstone Perk. starting at 
37.450 Easy Owner Financing. Guaranteed Ac- 
cess. Warranty Deed, insured Тийе. Free Brochure 
Rocky Mountain Timberlands 
333 Haggerty Lane ® Dept. PS. P.O. Box 1153 
Bozeman, МТ 897711183 ө обу 505.8088 


Toll Free: 1 


TOOLS & MACHINERY 


4' METAL Cutting Lathe $109.80. Taig, 
15048 Proctor, Industry, CA 91746. 


SMALL FOUNDRY Furnace. Supplies. 
Free Literature. Pyramid Products, Dept. 
M, 3736 South 7th Avenue, Phoenix, AZ 
85041. 


“SHARPENERS REPORT” Monthly 
Newsletter. Tips—Sources—Used Equip- 
ment. rochure. SKOG Company, 

Dept. PS5, PO 22559, Minneapolis, М. 
55422. 


BOLTS, } TOOLS, WHOLE- 
ranteed. Catalog 


SALE, DIRECT. 
$1.00 (refundable). acht Dept. 33, Box 
65, Bristol, Wisconsin 53104. 


HOMES from $1 (U 


GOVERNMENT 
repair). Delinquent tax property. Reposses- 
sions. Call 805-687-6000 Ext. GH-20025 
for current repo li: 


REPOSSESSED homes from Gov't from 
$1.00 plus repairs/taxes. Nationwide! Also 
tax properties. 216-453-3000, Ext. H8232. 


NORTHERN IDAHO. 5-10-20 ACRES. 
Beautiful Northwest forest and lake coun- 
try. Hunting, fishing, recreation, retire- 
ment. Hundreds of. parcels, Easy terms. 
FREE brochure. NATIONAL ASSOCIATED 
PROPERTIES, 1111-PC Sherman, Coeur 
d 'Alene, ID 83814. (208) 664-8161. 


LATHES — MILLING MACHINES 
MACHINE SHOP SUPPLIES — TOOLS 


PROPERTY! Information 
$1.00. Rid, haven, PO. Box 849-PS, Glen- 
ellen, CA 95442. 


CALIFORNIA. Acreaj 
$40 monthly. 4602 Etl 
Oaks, CA 91423. 


LAND IN NOVA SCOTIA + NEW BRUNS- 
WICK/CANADA. Good selection of water- 
front lots, acerage for recreation, fishing, 
hunting, boating, farming, development. 
Safe investment. OUR 16TH Easy 
terms. Exchange Privilege. GUARANTEED 
m BROCHURE. CANADA- 

ID CORPORATION, 66 Centre Street, 
Thoma Ontario L4J 1E9 Canada (416) 
881-4829. 


. Lots. $40 down. 
el Ave., Sherman 


MONTANA LAND 
NO TOOLS OR ASSEMBLY REQUIRED 
* 20 Acres & up * Easy Financing 
Prices start at 5975000 
You'll be proud to show your friends 
Call today 
1-800-252-5263 
Yellowstone Basin Properties. 


YOU CAN SELL YOUR OWN HOME! 
Save Thousands on Commissions. Other 
Benefits, We Show You How! Send for Free 
Report. OMNIB, Box 491503, Ft. Lauder- 
dale, FL 33349. 


HOW MUCH HOUSE CAN YOU AF- 
FORD? New, easy Slide Guide tells you! 
Send $3.00. R.A. Harrison, Box 440306P, 
Kennesaw, GA 30144. 


COMPARI 'OLORADO— When you 
see the quality of our land, the price will 
amaze you. 35 acre parcels surrounded by 
National Forest. Good terms, easy financ- 
ing, Call today for FREE color brochure 

-383-0583. Patten Land of Colorado 
Corporation. 


BLUE KIBGE 


ac 3133 


Box 536-PS Hurricane, WV 25526 304-562-3538. 
Unimat * Compact * Maximat • Myford < Sherline «Aids * Jet 
REPRESENTATIVES OF MANY MANUFACTURERS. 


Toll Free Number For Orders 


KITES 
KITE FLIERS/KITE MAKERS. 
Share the excitement with thousands of en- 
thusiasts nationwide. AMERICAN KITE- 
FLIERS ASSOCIATION annual member- 
ship includes six issues KITING, with kite 
plans, national calender of events, pictures, 
news & more. Mention this magazine ad, 
when sending dues, $15 to: AKA 1559 Rock- 
ville Pike, Rockville, MD 20852 and receive 
а FREE issue of KITING. 
П Choose from over 100 kites. 
Into The Wind • (303) 449-5356 


KITES 5x5 
{+ COLOR CATALOG NS 
Many unusual & innovative designs. 
Call or write for your catalog today! 
1408-P Pearl St., Boulder, CO 80302 
| coves, seno МЕ A FREE CATALOG [| 
| ame 
Ves 


Zip 
=- — — e a 


PROFITABLE OCC. 


HYDRAULIC JACK REPAIR MANUAL 
and catalog $10.00. Hydraulic Parts Sup- 


ply, Box 4157, Brownsville, TX 78523-4157. 


EASY ТО US! 
NOT ELECTRONIC 


science, engineering breakthrough! A set of unique dog-sound п makers that condition dogs incred 


Novices become experts. This new discov 
mind. Renders bodily paintraining obsolet 
dogs i 

(the Di 


iler patents) dispensed by veterin 


‘makes them want to please you. Unequaled | 


tance. No leash n. 


ty bending 
jog behavior. 


"Now. nousand of satisied 


FROM $25 TO $175 0 m 


BUSINESS OPPORTUNITIES 


1.00 POUND From “Junked” Tires! 
(Send Stamp). LaVallees, C.R. 163 R-3, Вох 
320-C, Wildwood, FL 32785. 


RRECONDITION BATTERIES. Easily 
Earn Hundreds Weekly. Untold Secrets. 
Free Information. Battery Outlet, Box 
3300-5, Hickory, NC 28603. 


IMPORT-Export opportunity, profitable 
world-wide, mail order business from home, 
without capital. We ship plan for no risk 
examination, Experience unnecessary 
rt. Mellinger, Dept. C2698, Жашыл 
ls, California 91367. 


27 FREE САТА О 
Please Write: 459 Wilshire, 
Вох 1250, Agoura Hills, CA 91 


BUSINESS OPPORTUNITIES| 


TAKE Catalog Orders. We drop-ship 24 
lin ialty products. Гом 
below who [sale prices. Immediate del 
егу. cular home business opportun] 
Free Book SMC, 9401 De Soto Ave. Dd 
2805X. Chatsworth. CA 91311 A091. 


PIANO TUNING PAYS: Learn with 
proved home study course. Diplo 
granted, American Tuning School, Tid 
Мег Dr, Morgan Hill, CA 95037. 


SCWL Subliminal Tapes Wholesg 
Write: Life Enhancement, 811 Moulin, 
ison Hgts., MI 48071. 


BUMPER Sticker Printer. Cheap, Sim- 
ре, Portable. Free details Bumper, РОВ 
'279YLLC), Tampa, FL 33622. 


CONCRETE Block Machinery; Catal 
$1.00. Route One, Box 3740, Rapid Ci 
South Dakota 57702-3740. 


REPAIR HYDRAULIC JACKS — Free. 
tails. Hydraulic Parts Supply. Dept. Ey ox 
4157, Brownsville, TX 7! 


RECYCLE METALS. NO, NOT BEER 
CANS! Leo th $458 weekly! Free informa- 
tion, Hornsby's, Box 1214, Franklin, TN 
37065-1214. 


MAKE HOMEMADE BOOKLETS. I'VE 
EARNED $187,000 WITH MINE. MONEY 
NEVER STOPS! Free information: Dasher, 
P.O. Box 5320, Sevierville TN 37864. 


ADVERTISE free in 507 Magazines 
en Directory, Box 11W, Atlanta, GA 


DISCOVER HOW ТО Start your own 
Successful Business at home. Seven profit- 
able businesses revealed. Free details. 
Guaranteed. Webster Co-Operative Pub- 
lishing, 777 Hawthorne Place, Webster, NY 
14580. 


МАКЕ $7,000 monthly as Loan Broker 
without investment/experience. Financial 
Box 3578, Anaheim, CA 92803. 


$15,000 MONTHLY INCOME! Easy 
Moneymaking Plan. No Investment. Mc- 
Dowell, Box 5529-Y, Diamond Bar, CA 
91765. 


SPARE time fortune in Vinyl Кера 
Huge demand creates exceptional profi 
We supply everything. Details free. V 
2036 Montrose, Chicago 60618. 


$1000's WEEKLY. Free informatic 
Stamped envelope: Progress, Box 9324 
Los Angeles, CA 90093. 


Earn $2,000 A Wee 


Most people find it difficult to believe that some- 
опе as young as myself can earn so much. My 
пате is Michael, I'm 21 years old, and | earn 
over $2,000 every week! How? By providing a 
very unique home improvement service that | 
learned over a weekend. For details send $1 to: 


P.O. Box 346159 
MÍS о Р Chicago, IL 60634. 


$10,000 MONTHLY Taking Pho 
graphs at Ноте! Call recorded messag 
(303) 674-8155. 


тилим. інн, ВАН 


$40,000 ON 1/3 ACRE! New Һу 


ur own PROFITABLE BUSINESS at | ponics—inexpensive, pleasant, practic 

me. Free details. Unique Concepts, 10290 information. Planter's, Box 1 
Monte Vista, Montclair, CA 917! Franklin, TN 37065-1214. 

MAKE High Profit, Hot Selling License START A USED CAR BUSINESS АР 


Plates, Signs. VACUMAGIC, PO Box 24986 


(LLC), Tampa, FL 33623. 


MAKE BIG MONEY Detailed Instructio: 
$10. нассо, Box 1365, Hilliard, FL 3204 


$85. MAKES $55,000+. SELL RE- 
PORTS MULTI LEVEL BY MAIL. FREE iN- 
FORMATION. SASE. "MONEY". Box 306, 
Holcomb, Kansas 67851. 


MONTHLY with zero Eur 


San Bernardino, CA 92407. 


BIG MONEY can make you happy! Ex- 
citing details FREE! JBC, Box 064, West- 
minster, MD 21157. 


ALUMINUM SCRAP — Recycle Yourself 
— MAKE UP TO $25.00/POUND! FREE 
Information: Industrial - PS95, Box 127, 
Alexandria Bay, New York, 13607. 


$4000 PER WEEK LISTENING 1 
PEOPLE'S SECRETS!I LEGALI Deta 
pus олыны сун TRIACOM, Roc 
т, Box 5, Brunswick, ОН 44212. 


CLIP NEWSPAPER ITEMS. $3-$ 
each. Free Details. Enterprise, Box 3128. 
Anaheim, CA 92803. 


MAKE BALLOON ANIMALS. $400 
Weekends! FREE SAMPLES/INSTRUC- 
Funnyman's—PS95, Box 250, Al- 


500 MONEY Repairing Auto Wir 
shields, Supplies and Free Informatic 


TIONS: Rubbs Glasspatch, P.O. Box 243, Mont 
exandria Bay, NY 13607. cello, Ark. 71655. 

$392.00 FROM Square Foot Plywood PROFITABLE Gold Foil Printer. Persc 
(Huge Demand), Revealing Proof $1.00 (Re- | alize business cards, pencils, matches. Fr 
fundable), Woodwins, Bridgewater, MA eo POB 24986 (LLC), Tamy 
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BUSINESS OPP. (Сото 
weekly easily. Assemble 


oducts. Spare Time. No 
fe. Free information. IEC, Box 2227, 
[rdale, WA 98383. 


IED MONEY? Free Grants, Signature 
Business Loans. Write Action: 47-Y, 
5499, Diamond Bar, СА 91765. 


Œ Rubber Stamps, Highly Profitable 
ness. Free Details. Stamper, РОВ 
9 (LLC), Tampa, FL 33622. 


БОО YEARLY "hidden" in your com- 
? Yes! (Free) report: Simpson, 771 PS, 
е Ground, Washington n 08604-0' 8604-0771. 


CCESS! MONEY! POWERI You can 
it all, Free literature. St. Thomas, 84-8 
New Britain, CT 06051. 
REEN Print T-Shirts. Inex 
Free Details. “T-Printer”” PO! 
), Tampa, FL 33623. 

The 


nsive 
23991 


Finance your 
or existing small business. Grants 
hs to $500,000 yearly. Free recorded 

ge: 707-448-0270. (JG6) 


PICTURES for profit. Camera Ven- 
Box 771, roca CO 81052. 


wspaper items—up to $25.00 
|! FREE details: lippinge'S, Box 
(09, Pompano, FL 33 


OO - $500 weekly - AT НОМЕИ No 
icks - Details FRERI Homeworkers-S, 
636679, Margate, FL 33063. 


Federal law WIPES OUT DEBTS! De- 
FREE! Moneywise-S, Box 636679, 
gate, FL 33063. 


RICHI! Secret law smashes debts— 
gs cash credit! Details FREEII Wealth- 
, Вох 4036, Pompano, FL 33063. 


own Entertainment Agency. 
hly profitable. Inside information. 
0. ShowBiz, Box 276222-SP, San Anto- 
TX 78227. 


PAID for reading books! Write: 
A ad 161 Lincolnway, North Aurora, 
05: 


Boo A DAY! Taking Phone Orders. Peo- 
all You jo 304- 716-5611 Ext. 149. 


О RAID SEIZURES! Buy dirt cheap. 
, houses, boats, computers, furniture. 
"Details: Seizure: Box 4309-YD West 
, CA 91791. 


IECHANICALLY inclined individuals 
king High Weekly Profits operating 
Il Manufacturing business Without In- 
ment write: Businesses-P, cs 9008, 
dwin N.Y. 11510-9008. 


GS Unlimited! Mail Our Bur- 
Alarm Advertisements From Home! 
handising Box 59314-PS Chi- 
p, Illinois 60659. 


e demand. Picture Proof $1.00 (Refund- 
). PRINCO, Box 1092, Hesperia, CA 


от NEW FIELD! Recharge toner car- 
r laser printers, Hi 


Huge it potent Tee details; 
lte to P. Box 1358, Green River, WY 
IAILORDER...HIGH PROFITS 


New Insiders Secrets Report Free! 
estic, Dept. 1-E, Box 19565, Little Rock, 


PAID for mailing letters! Write: 
NT2, 161 Lincolnway, North Au- 


$300 PER ОДҮШ 
п "Your" spare time, processing phone 
тв at home! People call “You"! 
rush stamped self-addressed 
peat Profitable Opportunities Dept 
, Box 200, New York, NY 10185. 


Pu LU 


moors, WEEKLY processing mail. 
Start immediately! Fostage/Supplies fur 
nished! Details - Sase. 
2780, North Conway 


$500 WEEKLY mailing ads. Admailers 
Associates, Box 51063, Durham, NC 27717. 


THEright information on profitable home 
businesses FREE details. Mammoth Pub- 
lishing, 1103 N. Bush, Ste. 2, Dept. D5, 
Santa Апа, CA 92701. 


MAILORDER opportunity: Start profit- 
able home business without experience or 
capital. Information free. Mail Order As- 
sociates, Dept. 402, Montvale, NJ 07645. 


PROJECTION TV . Make $$$ assem- 
bling Projectors. Easy... Results com; 
parable to $2,500 projectors, Total cost 


8" LENS & 
Dealers jid Illustrated 


. PLANS, 
n $22.50... 
information FREE . Macrocoma-aix, 
Washington Crossing, Pennsylvania 18977. 
Creditcard orders 24HRS. (215) 736-2880. 


RAMPANT water pollution has created 
massive demand for purification systems. 
Distributorship available. Full support net- 
work, FeoSoutce, Box 1131H, Battle Creek, 

490 


IGNMAKINO FOR NON-ARTISTS. 
Start your own business at home. Machine- 
cut signs in adhesive vinyl for stores, 
schools, restaurants, offices, vans, etc. Easy- 
to-operate system. Send for information ki 
Please enclose $1.00 to cover posta, 
handling. Gerben Dept. 34, 151 
Drive, Manchester, CT 06040. 


IBM MONITORS REPAIR. Make 75k- 
250k low initial investment required. In- 
formation $1.00 RANDALL, Box 2168, S, 
Van Nuys, CÀ 91404. 


QET Rich! $20,000 Monthly Income. Se- 
cret Methods, Laws! Details Free! Ben- 
Maris 5 Hs Box 1058, Hunting- 
ton, 1174: 


GET PAID BY MAILI Insider income op- 
tunities ... Money secrets: Midwest-21, 
00 —111th, Chicago, IL 60655. 


MAKING EXTRA MONEY MADE EASY. 
FREE Subscription to Opportunity Maga- 
zine offers hundreds of proven ways, Write: 
Opportunity, Dept. P78, 6 N. Michigan, Chi- 
cago, IL 60602. 


RICHES! IN YOUR ANSWERING MA- 
MACHINE. Exciting Recording Reveals 
Details. (713)639-3710 Extension S-99. 


FREE News Letter “How to Make Money.” 
Write me: H. Taylor Butler, 3065 Riviera 
Drive, Lithonia, GA 30058. 


ADVERTISE COAST TO COAST FOR 
ONLY $5.00. Send your 1" C-R. Ad to: Coast. 
to Coast Advertising, PO. Box 5262, 
Hyattsville, MD 2078: 


OUTSTANDING NEW Opportunity for 
Financial Independence! Free information, 
J. za 109 Richmond Road, Lexing- 
ton, 


LEARN MIRROR RESILVERING, Free 
Information. Silvercraft, Box 127, Lans- 
downe, PA 19050. 


BUY IT WHOLESALE 


CLOSEOUTS! Wholesale! Overruns! 
Freebies! Information (stamp): DDN, Box 
Ferndale, Michigan 48220. 


,O00 BARGAINS Below Whole- 
sale! “Many Free!  Liquidations.. 
Closeouts! . Job Lots... Single Samples. 


Free details. Worldwide Bargainhunters. 
Box 1409-B, Holland, MI 49422. 


500,000 
Photograph 
Antonio, Texas 78218-0628. 

CONFISCATED CARS, Start your own 
business-buy for resale-trucks, boats, 4- 
wheelers, TV's, stereos, furniture by Drug 
Enforcement Agency, FBI, IRS. Unbeliev- 

оп late models. Available your 
aren noe, Call (805) 682-1555 Ext. САША, 


AMAZING MONEYMAKERS 
ied! Catalogs, Box 18628-G, San 


[ facturer. Hi fits. № - YOU CAN NOW Buy Wholesale Direct 
те Samples available Kideo, 203 Herse. | From... Hong Kong, Taiwan, Philippines. 
ck Road, Farmingville, NY 11738.(800) | Free Report! Majestik, Box 19565, Little 
0189. Rock, 12219. 


124,000 IN BACKYARD! Growing new 
cialty plants. Start with $60. Free in- 
mation. Growers - Box 988-PS Friday 
ог, WA 98250. 


DISTRIBUTOR Closeout, Receivin, 
Tubes $1.00, RCA TV Parts !4 price, А! 
Orders UPS COD. Mail To: Sales, 9 Carob 
Court, Penfield, NY 14526. 


BETTER HEALTH 


SHOE INSOLES: 716 Made in U.S.A. Men's 
7-12; Women's 5-10. 6-weeks delivery. Send 
$3.95/pair to: SOFTSTEP, Box 4135, NLR, 
AR 72116. 


BAD BACK PROBLEMS, national sı 
vey results on best doctors and treatments. 
400 pages, satisfaction guaranteed. $6.20 
includes postage & handling. Health Back 
Unlimited, Dept. 13, 19230 Burns Pkwy., 
N.W, Anoka MN 55303. 


WATER PURIFICATION 


DRINK PUREST WATER! Home 
ers. Discount Prices! 800-874-9028. 
матали Box 45981, Center Hill, FL 
33! 


А.С. Home Water 
Direct, Wholesale Prices. 

Davis Blvd., Ste. 300-Р, 
Naples FL 33962. 


HYPNOTISM 


Hypnotism. Sleep Learning Publi- 
» Box 487, Anaheim. СА 92815. 


FREE Hypnotism, Self-Hypnosis, Sleep 
Learning Catalog! Drawer PS400, Rui- 


doso, NM 88345. 
viDEO 
MASTER- 


cation DI 


„E menos TAPES, 
914.95, 
CHARGE/VISA, 1 TOLL FREE, 1-800- 
544-0499. 


BORROW any amount! Get Visa/Master- 
Card! Instant reply! Sunrise, Box 42Р, 
Bethpage, NY 11714- .0042/(516) 349-1649. 


IMMEDIATE Loans to deserving indivi 
uals refused elsewhere. Many y paa à in- 
cluded. Try us! Associates P3, 9008, 
Baldwin, NY 11510-9008. 


$100,000 line credit without investiga- 
tion! Private Swiss bank account! Other 
financial benefits! Free valuable report! 
NACC PS-5, Box 5399, Torrance, CA 90503. 


BORROW $500-850,000! “Over- 
night” On Signature. Keep indefinitely! Ac- 
tion Box 5499-Y, Diamond Bar, CA 91765. 


ARAB BUSINESSMEN have money to 
buy/invest, Top finders fees paid. 
Box 3574, Newport Beach, CA 
32669 (114) 722-9260, 


VISA! MASTERCARD! Regardless of 
Gredit Experience! Apply Toll-Free, 24 
Hou -800-888-8851, Extension 26. 


BORROW $500 - $40,000! “On Signa- 
ture!” Any Purpose! 97% Eligible! Free Ap- 
Il jme Box 7627, Long Beach 


5,000 LOANS AVAILABLE! 
ose. No Collateral, Free applica: 


asp 
Industry, Box 531, Bronx, NY 


ios m 


$5,000 CREDIT! No credit check! Not 
Information. Actual credit! (813) 791-8550. 


SUBLIMINAL MIND 
nipulate Others Secret} Sain The S Sp 
Word. Male Or Female. Love Or 


RESUI E: 
CORDED INFORMATION. CALL 1-214. 
578-1482. 


NEW home study course in hypnosis. 
Amazing secrets revealed! Free details! 
рма Power, Box 2200-P, Quincy, MA 


BODY BUILDING 


i help you 


add Inches to your 
chest and arms 


f in just days! 


Send lor FREE into! 
DASH‘P О Box 2888 • DepıPsse 
1-8 


How to Build А 
POWERFUL BODYIT 


HEARING AIDS 


HUGE SAVINGS. Eliminate dealer 
markup. Free Trial. Batteries wholesale. 
‘Terms Arranged. Lloyds-PSC, Rockford, IL 
61104. Call 1/800, 


HEARING AIDS 
PRICE CATALOG FREE! 


AVINGS! Newest Finest All 
to HALF! 
vii оп HOME 


Sepulveda, Cal. 91343 


HAIR CARE 


MINOXIDIL. Grows Hair 4 Months. Box 
1213, Makati 1299, Philippines. 


LOANS BY MAIL 


FREE MONEY! $300,000,000 GIVE- 
AWAY. Grants. Never repay. Details $1.00. 
Jakla, Вох 3066-PS59, Seminole, FL 34642. 


360,000 "Overnight". Any pur- 
pesce Free details! Write: 


eel eon 
x 1593-SP, Safety Harbor, FL 


Martin, 


BORROW $50,000 Any purpose, Fast, 
Guaranteed. French, Box 661869, Char: 
lotte, NC 28256. 


BORROW $500-$50,000! “Immediately.” 
On signature. KEEP INDEFINITELY! 
Credit-16, Box 343, Tomball, TX 77375- 
0343. 


NEED EXTRA CASH? We'll cash your 
postdated check until your next payday. 
1-800-445-0680. 


UNLIMITED Credit Card, Loans To 
$15,000. You Qualify. Details 1-614- 
314-9555. 


шу New Шү MAIL Get 500 15.000 
ickly. Nearly everyone qualifies! Request 
Free application, MIS Industry, Box 581, 
Bronx, NY 10461-0531. 


VISA/MASTERCARD. Limits to 
$5,000.00. No Urn в account required. 
Business loans to $500,000.00. Signature 
loans to $40,000.00. 1-904-642-7107 24 

jours. 


SIGNATURE Loans, Credit Cards ob- 
tained quickly! Dominion, 3540 Summer 
Ave, Ste 307A, Memphis, TN 38122. 


POSTDATED CHECK LOANS. GET 
350.00 FAST E-Z APPROVAL. CALL 
1-800-882. 


MAIMAETENOARD. Saa 
credit He E bU Write: Mid- 
11th, Chicago, IL 60655. 


ERASE BAD CREDIT. report 
shows howe Consumer 1h Brockett, New ing. 
ton, CT 06111. 


BORROW $500-$100,000 No one re- 
fused! Free application. 750 Johnson Hol- 
low, Jefferson, NC 28640. 


MAGIC TRICK, PUZZLES 


FREE MAGICI MEET AND IMPRESS 
PEOPLE! EASY mur ASTOUNDING! 
(Stamp Envelope) Magic, 2525 Arapahoe 
E4-161, Boulder, CO 80302. 


MAGIC! HYPNOTISMI 
349 E. Cooke, Columbus, OH 
43214. 


PROFESSIONAL MAGIC! Huge Cata- 
log, over 1,000 Tricks and Books. $4.50. 
Hank Lee's Magic Factory, Dept. PS5, 125 
Lincoln Street, Boston, MA 0211 


JOKES & NOVELTIES 


FREE Catalog! Things you never knew 
existed! 1600 Novelties, Jokes, Science, 
Hobbies, Surprises. Johnson-Smith, F.03, 
Bradenton, FL 34206-5500. 
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STAMP COLLECTING 


PENNY Stamp Approvals. 
lon C. Kloster 104 Band Et San 
Diego, CA 92105. 


rise Collection With Aj j 
als. Jay, Mere ae Petaluma, CA 94975. 


БО DIFFERENT Old US. Between 1861 
and 1 1939 $1.00. Rousch, Box 3734, Mans- 
field, OH 44907. 


CABLE TV CONVERTERS 
Why Pay a High Monthly Fee? 


Jerrold, бак, Hamiin. 
80 day warranty. Shi 
ice MCIVISA C.O.D Telephone 
ning hrs. als 12 


fic Atlanta, Zenith, and more! 
s. For fast ser- 


ted. Eve- 
ramped Envelope (50€) 
< 


1430 Mine: „ Suite 


FREE US coil pair with approvals. Carl- 
son, RT2 Box 112P, Annandale, MN 55302 
рсе Баз аа میں‎ Die ey 


FREE PRICE LIST. FMON, INC., 513 
FAIRVIEW, RIDGEFIELD, NJ 07657. 


БО YEARS OLD FIFTEEN DIFFERENT 
United States, over Nd 1-25¢ with 


approval ils. Jaxon, Box С-Н, New Rochelle, 
rk 10804, 


Worldwide Packet. Ре! 
als. Froehlich, Box 177DB, Pine 
54965. 


FREE, US. Mint Set. Approvals. Hilde- 
brand, Box 4867, Santa Clara, CA 95054. 


1000 STAMPS $2.95 - Guaranteed Worth 
Over $30 at Standard Catalog Prices! Mon- 
ey Back If Not Delighted. Approvals. Ken- 
more OT-457, Milford, NH 03055. 


maui Gold Silver Stamps Approvals. 
Delon 21127 Fleetwood, Harper Woods, Mi 
48225. 
UNITED NATIONS, 3 Cpl. Mint Sets only 
Qe, approvals, Cornetta, РОВ 1509, Lake 
Placid, Florida, 33852. 


FREE! Big Ет New edition list- 
ing thousands of bargains on Worldwide 
stamy ts, albums, and accessories. 
FREÉ wi sr lesting stamps on approval. 
Buy what you like, Return balance James- 
town Stamp Company, Dept ES9PS, James- 
town, NY 14701. 


TREASURE FINDERS/ 
METAL DETECTORS 


FIND Old Coins, Jewelry, Gold Nu, 
New Patented Revolutionary Device. 
Catalog. Gardiner Electronics, 3131L N. 
35th Ave., Suite K, Phoenix, AZ 85017. 


CABLE EQUIPMENT 


CABLE TV SECRETS - the outlaw ja 
lication the cable companies tried to ban. 

„ Movie Channel, Showtime Schema- 
tics, Converters, ete. Su 
$8.95. Cable Facts, Box 
OH 43062. 


liers list included. 
11-PS, Pataskala, 


CABLE Decoders, Jerrold, Tocom, Ze- 
nith, Hamlin, S.A., at Wholesale Prices, Ex- 
ample Zenith Z-Tac with remote control 
$199.95. C.O.D. Ok. Full Warranty. S.A.C. 
(702) 647-3799. 


CABLE TV SPYING: Send $2.00 for an 
informative article and get a free Cable TV 
catalo conta unusually revealin, 
End \Х 800, Mansfield, 


ij the thousands and 1 

usands and most people are un- 

aware that its use can be e 

00 for an article on cable snooping and 
free Cable TV catalog containing un- 

nally revealing items. Snooping, PO Box 

800, lansfield, 02048. 


‘TV BOXES We sell only the best 
jore we ныр COD; $2.00 for catalog 


EN ME € 04072, Л E 3 


BELOW Wholesale All Items Cable 
Ready and Shipped C.O.D, Jerrold Di 
3-Dic $95.00, Jerrold Tri Mode Combo - 
$175.00, Zenith Combo $150.00, Scientific 
Atlanta Combo $175.00, Hamlin Combo 
$125.00. All orders receive free six outlet 
Surge Protector. Free shipping with orders 
of 5 or more. 1-313-979- . Yes all units 
come with Wireless Remotes. 


CABLE TV Соп i 
for Beeping Any Channel 1-313-979-8356. 


CABLE-TV BOXES 


Descrambler + Conve! 
FREE CATALOG 


TRANS-WORLD CABLE CO. 
12062 Southwest 117th Ct., Suite 126 
Miami, Florida 331! 
800-442-9333 


CB RADIO 


SECRET CB manuals, modifications, 
accessories. Catalog $2—! Ente 
rises, POB 8189, mes [tà TX 
8468-8189, (512) 853-2935. 


POLICE—FIRE SCANNERS, СВ'З 
HAM, MARINE 2-WAY, ANTENNAS. 
ВОХ 19224P8, Denver, CO 80219. 


SATELLITE TV 


DECODER: Build your own ii 
Videocipher II decoder and receive 
ellite pictures. Simple instructions. 
Radio Shack parts list and circuit. board, 
only $49.00 (US.) Send cheque or МО рау: 
able to: С.А. Comeau, Box 1327, Halifax 
North, N. da, BK 5H4. 


AUER — Specialists in Satellites since 1980 
РО Box 18195. 131 È NOMEN, Caumcus, One 43218 
Ен Gers torn ah В 
FREE Catalog 36 Pages. Major Brands. 
Nobody undersells “Since 1977. 
(800) 222-9064. 
VIDEOCIPHER И Chips Send S.A.S.E. 
for INFO 3715 Murdoch Ave. 109, Parkers- 
burg, WV 26102. 


FREE Sample! Satellite Television News- 
letter. Hi-Tech Talk, Box 86-PS, Montgom- 
eryville, PA 18936. 


VIDEOCYPHER SATELLITE DECODER: 
SCHEMATICS (Complete Set) Audio & 
Video Parts list—much more! $9.95. The 
Stage Door Video, PO. Box 576, Burnsville, 
NC 28714. 


VIDEO 


MICROWAVE TV RECEIVERS 
1. 3 1027 GHz 


SUN монд WT UM. 
Lope 7 
Peg. A2 25087 

T6080 


VISA/MC/COD quatit ascoorms. 


TAPE REPAIR KIT: Beta and 
Only $11.95. Bi Enterprises, 4701 
deron Rd. #147, Houston, TX 77053. 


HOW TO MAINTAIN & CLEAN YOUR 
VCR. HOOK-UP DIAGRAMS. BASIC 
PROBLEMS & SOLUTIONS. ILLUSTRA- 


TIONS INCLUDED. Send $7.85 to: Ameri- 
can сих 1445 W. Morse Ave., Chicago, IL 


RENTAL MOVIE STABILIZER. Connect 
between VCRs or to monitor. $59.95. 1-800- 
367-7909. 


(А) LEARN TO CLEAN & MAINTAIN 
YOUR VCR like the professionals. Only 
= 100. (B) HOW TO SAVE UP TO 10% ON 

CAR INSURANCE for less than $15. For 
$5.00 (both) just $8.00. Erickson Enter- 
prises, 23 Grove St., Norwich, CT 06360. 


VIDEOGAMES! Enjoy HUNDREDS o 
for one low price! Oo refundable! 
Loring, ох 9693, Co. Spg, C! 
80932-0693. 


MATURIST Vidoes, $2.00, Sase. PS, Box 
9296, Newark, DE 19714-9296. 


DIGITAL VIDEO STABILIZER 
REMOVES VIDEO COPYGUABDS 


While watching rental movies, you will notice 
annoying periodic color darkening, color 
shift, unwanted lines, flashing or jagged 
‘edges. This is caused by the copy protection 
jamming signals embedded inthe video tape, 
such as Macrovision copy protection. THE 
DIGITAL VIDEO STABILIZER COMPLETELY 
ELIMINATES ALL COPY PROTECTIONS AND 
JAMMING SIGNALS AND BRINGS YOU 
CRYSTAL CLEAR PICTURES. 


WARNING 


THE DIGITAL VIDEO STABILIZER IS IN- 
TENDED FOR PRIVATE HOME USE ONLY. IT 


IS NOT INTENDED TO COPY RENTAL 
MOVIES OR COPYRIGHTED VIDEO TAPES 
THAT MAY CONSTITUTE COPYRIGHT INFR- 


ENT. 
FEATURES 

Easy to use and a snap to install. 

© The best and most exciting video stabi- 
lizer in the market 
100% automatic 
Works on all VCRs & TVs 
Similar units sold elsewhere for $99. 
Light weight & compact 

© UNCONDITIONAL 30 days money back 
guarantee 


© Fast UPS Delivery 
1-800-445-9285 or 516-568-9850 
$49 еа + $3 tor pan 
Visa, M/C, COD MF: 9-6 
ЗСО Electronics Inc. Dept. CE9 
581 W.Merrick Rd. Valley Stream NY 11580 


HOBBIES/COLLECTION 
NEW WAYS TO RECYCLE ALUMINUM CANS 


w B. 


Ship Train 
Ned unique hand-crafted items your- 
self with our illustrated manuals. Plane-$5, 
Ship-$5, Train-$5. Add $1 per order post- 
age & handling. 
Debie Productions, Dept. PS 
PO Box 110273, Aurora, CO 80011 


catalogue - Imported German beer 
steins. Wunnerfitz Specialties, Box 162 
PE 1, Hamburg, PA 19526. 


FLORIDA FOSSILS. Genuine Fossilized 
Coral. Send $5.00 For Small Sample And 
pe .. Richard Utena P.O. Box 

1 


MODEL, SHIPS, CARS ETC. 


‘FASCINATING LIVE STEAM Mi 
ELSI" complete “WILESCO & 
line. KITS OR ASEMBLED. Trains, 
tors, Marine, Cars, Trucks, Stationary E| 
gines and Accessories. Stunning lai 
page Colored Catalog $5.95 Refun 
Service. LARGE: 


t. PSA, Box 5: 


Diamond Enterprises, De} 
. PHONE: (61) 


Alexandria Bay, NY 1. 
475-1771. 


MUSICAL INSTRUMENTS 


tonewood, tools, varnishes, parts, 
ries, strings, cases, instruments, bows. 
olin, guitar kits Catalog $1.00. Dept. МІ 
4026 W. Belvedere Ave., Baltimore, 
21215. 


SONGWRITERS 


POEMS-SONGS WANTED. Free Pul 
lishing/Promotions. Broadway Music, Bc 
7438-PS, Sarasota, FL 33578. 


SCIENCE & CHEMISTRY 
wom PAGES! 1988 К Сш, cher 


ent, experiment 
DINOSAURS. and К x 


Most сотр 
hensive catalog offered by anyone in th] 
column. Established 1970. $3.00(U! 
REFUNDABLE. Analytical Scientif 
11049 Bandera San Antonio, TX 782 
(612) 684-7373 VISA. 


CHEMICALS - 
$1.50. established 1953 Н, 
tories, 1302 Washington, 

consin 54220. 


тәвә CATALOG, 200 
Biology, Physical & Earth Science, Natu 
Dinosaurs and much more. Beginner to 
fessional. $2.00. Merrell Scientific, 16 
Buffalo Rd., Rochester, NY 14624. 


ANATOMICAL Products Catalo 
Pages $2.00. ACC, 8221 Kimball, Skok 
IL 60076. 


PSYCHEDELIC Chemistry—Catalo; 
00. E. MacNab, 525 Johnson, Vit 
Canada V8W 1M2. 


Catal 
now Labori 
lanitowoc, Wil 


. Chemi; 


CHEMICALS AND LAB 
Chemicals, small or large quantities, fc 
your convenience, Glassware, Scales, M 
croscopes available. Send $5.00 for са! 
logue. Chem Lab, 1060-C Ortega Wa, 
Placentia, CA 92670, 


SCIENTIFIC supplies—Comprehensi 
catalogue of all scientific fields. $3.00, Na 
tional denti 216 Mountain Road, Sey 
mour, СТ 


RT. 'ERS 


t Software Library Ро 
pple IBMBC Write: Reliant, PO. Bo 
ЭЙ, Sheungwan. Hongkong” 


ALL COMMODORE/AMIGA СИ 
DIAGNOSTICS, PARTS, REPAIRS. Lo 
prices. Kasaramicro, 1-800-248-2983. 


LARGEST LIST OF COMPUTER BUL 
LETIN BOARD SYSTEMS! Over 2800 lis 
ings! Entire USA! $10: BBS PUBLICA 
TIONS, Box 6337, Moraga, CA 94556. 


FREE Programs! All home computer 
Send stamps. EZRAEZRA, Box 52228M! 
San Diego 92105. 


FREE SOFTWARE IBM or Com; 
For Catalog send (2) $0.25 stamps. СВІ 
IBUTORS, PO. Box 1901, Bay Cit 


by 18900 


ATARI 800/XL/ XE SOFTWARE. Free Ir 
formation: 25th Century, Box 8042-Р: 
Hicksville, NY 11802, (516) 932-53: 


'OMPUTER? D. ge 
ripped or Knowledge i your best weern 
Booklet by former computer salesman ar 
swers 30 most asked questions about buyin 
peo computers +10 tips for getting th 

t price from any dealer, You could sav 
SHUNDREDSSI! $7.95 to: JD Ente: 
prises, 8692-8 Skillman #308, Dallas, Т: 

5243. 2-4 weeks delivery. 


COMPUTER SECURITY. A compreher 
sive guide to all aspects of securing dat 
integrity is finally available. Only $7.9: 
American Research & Publishing House 
6612 Mineral Point Road, Room 5, Madi 
son, WI 53705. 
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COMPUTERS (Con't) 


IM Software: 3 disk (Educational pro- 

s/Checkbook/Games) + Catalog for 
0. Star Data, 333 Cobalt Way, Suite 107, 
nyvale, CO 94086. 


DUCATION & INSTRUCTION 


IUPERLEARNING! Triple learning 
d through music! Develop Supermem- 
control stress. Free—book excerpt & 
learning, 450-PS5 Seventh 

МУС. 10123. 


ои FREE brochure 
| Air-Condi- 
ia letri eration 
ing from Li 


е! Truck Technol 
стопка « Drafting! 
pu û Drafting 
etone nationwide, Financial aid rt hase, уе 


1-800-992- 5200 


Or write LTI, Dept. PS2 
РО. Box #681405, Indianapolis, IN 


/OLLEOLATE Ea: catalog. 306 
es—16,278 rs available. Rush 
X Research, T1822 daho, £206KT, Los 
zeles 90025. (213) 477-8226. 


VORLD WIDE COLLEGE OF AUC- 

NEERING, INC. Since 1933. Term Soon. 

atalog COL. Gordon E. Taylor, Box 

, Dept. 3 Mason City, ТА 50401. 515/ 
24: 


'ARALEGAL GRADED CURRICULUM. 
proved in-depth training by correspon- 

BLACKSTONE $CHOOL OF LAW: 
yeurs of legal training. Write for free 
alog. РО. Box 790906, Dept. PS, Dal- 
TX 75379. 


FOR INVENTORS 


DEAL DIRECT WITH 
REGISTERED PATENT ATTORNEY 


GRADUATE ENGINEER 


31 YEARS OF EXPERIENCE 
U.S. & INTERNATIONAL PATENTS, 


Overseas production, 
‘and research readily avaliable, 
INTRODUCTION’ 


TOINDUSTRY & MARKETING PLANS 
copyrights and trademarks 
Less than 1 hr from 

US Patent Office 
CALL TOLL FREE 1-800-442-2728 

MICHAEL I. KROLL 

REGISTERED PATENT ATTORNEY 


US PATENT REGISTRATION 26.755 
171 STILLWELL LANE, SYOSSET, NY 11791 


PATENT IT ECONOMICALLY! Free de- 
tails. Licensed since 1958. Rainer Associ- 
ates, 2008 Fondulac, Richmond, VA 23229. 


INVENTORS! Can you patent and profit 
from your idea? Call or write for your free 
information package Ove of serv- 

ice. AMERICAN INVENTORS CORPORA- 
тюн, 82 Broad Street, PS, Westfield, 
Massachusetts, 01086. 338-5656, In 
Canada call (413) 568-3753. 


INVENTION RESOURCES. Box 99141, 
San Francisco 94109. R&D, Manufacturing, 
Marketing, Finance. 


INVENTORS: INVENTIONS MAR- 
KETED & i 


loped for US. Patenting by 
Former US PATENT OFFICE 
Professional Patent Engineer FRI 


INVENTION CERTIFICATES. Marketin; 
Representative, Suite 3815PS Woolwortl 
Building, New York, NY 1000 


INVENTION FINANCING Available, for 
Amateur Experimental Engine Energyolo- 
Ив. 1-314-435-9290. Evenings. 


INVENTORS! Idea search ining pus 
ducted by DC based firm. Call АРЗ, 1-! 
888-6088 ext. 238. 


PATENT SEARCHES, $150. Patent At- 
torney provides free intellectual property 
information. 1-800-877-2232 ext. 45: 


ан SCHOOL at home, diploma 
rded 


Low monthly payments. No 
information free. Phone free 
600, or write: American School, 
. $347,550 E. 58th St., Chicago, IL 
7 


eiae 

pecialized skill, Employment 

ortunities abound. 

OCHURE 3130 BS E. Hawthorne, Rr Port- 
1214 503, 


АМО. Е YOUR OWN LEGAL AFFAIRS. 
a Paralegal. Accredited Attorney In- 
iction. Home Study, FREE CATALOG. 
thern Career Institute, Drawer 59PS- 
Raton, FL 33427.(407)368-2522 


INIVERSITY DEGREES Without 

credited Bachelor's. Master's, 

torates, Free Revealing Facts! Thorson- 
Box 470886, Tulsa, OK 74147. 


OLLEGE DEGREES fast! 
nsam, Box 1383-PSH, Pe "Rockaway, 
11691. 


UPER kept SECRET, Travel world 
commodations FREE write NEL- 
205A Eva, AL 35621. 


AONEY FOR COLLEGE, Nationwide 
\puterized Scholarship matching, $40.00 
guaranteed results, Write: E.FC., РО. 
42, Lightfoot, VA 23090. 


РАСЕ EXPEDITIONS. From the video- 
»era's eye. Free Catalog. SKYSHOW, 
ds N. 32nd, Ste. L111, Phoenix, AZ 


PATENT AND DEVELOP Your Invention. 
Registered Patent Agent and Licensed Pro- 
fessional Engineer. Send for FREE PATENT 
INFORMATION Every Inventor Should 
Have. Richard L. Miller, 12 Parkside Drive, 
Suite N, Dix Hills, NY 11746. (516) 


INVENTORS: n on offer- 
ing your invention for sale. Kessler Sales 
Corporation, C-7-FI, Fremont, Ohio 43420. 


REGISTERED PATENT ATTORNEY. 
D.A. Kettlestrings, 414 Hungerford Drive, 


Rockville, Maryland 


FREE help for inventors! No charge for 
recording forms and evaluation. Affiliated 
Inventors Foundations, 2132-1 Bijou, Colo- 
rado рц» CO 80909, or Toll Free 1-800- 
525-5885. 


INVENTIONS WANTED 


INVENTORS! Confused? Need help? 
Call AIM for free information kit. In U: 
and Canada. Toll free: 1-800-225-5800. 


IDEAS, INVENTIONS, NEW 
PRODUCTS WANTED FOR 
Presentation to industry and exhibition at 


national innovation exposition. Call free 1- 
800-288-IDEA. Or writ 
INVENTION 


INVENTIONS Developed Marketed. 
Free Invention Certificates. MANUFAC- 


TURERS REPRESENTATIVE, Suite 3815- 
PS, Woolworth Building, New York, NY 
10007. 


REE College Tape External Degrees 

‘iness/ Public Administration Graduate- 

dergraduate, LAW Financial Aid (800) 
005 LA ; UNIVERSI 


io SUPER-GENIUS eque Des- 
ved. Accelerated Learning Directory. 
20: A.L.L, Box 12810SG, Jackson, MS 
36. 


A NEW IDEA? Call National Idea Cen- 
ter of Washington D.C. free info—1-800- 
241-6600. Come see The Invention Store!! 


how to offer your invention for 
sale ог license. Free booklet outlines pro- 
cedures, royalty rates, requirements. 
Kessler Sales Corporation, C-7-IW, Fre- 
mont, Ohio 43420. 


OF INTEREST TO ALL 


PREDICT YOUR FUTURE. Learn 
less methods for a better life. Box 3 
Newbern, NC 28560. 


WINNINOEST Numbers, combinations, 
proven beat odds. Bingos, Horse, dogs, har- 
ness, lotteries, $5.00. РОВ 70636, Pasa- 
dena, СА 91107. 


EARN a Title of Nobility. Stamped enve- 
lope to: The Tymaton Society, 33412 Bar- 
ley Lane, Lake Elsinore, CA 92330. 


OLD GOLD, JEWELRY WANTED 


re OEST CASH for Gold, Jewelry, Gold 
Ringe T Diamonds, Watches, paper 
Pathan 1 Articles Today. Free 
with Information. Chicago Gold & 
cious Metals, 10 S. Wabash, Dept. 957, Chi- 
cago, 60603. 

‘TAKE NO CHANCES. Deal with oldest, 
most reliable firm in old gold business. 
Established 1934. We buy Gold, Silver, 
Platinum, Diamonds. Highest Cash. Free 
information. Rose Industries, 29-Y East 
Madison, Chicago 60602. 

JEWELRY 
Jewelry, 55¢ dozen (Catalog 


CLOSEOUT 
.25€). Roussels, 107-1635 Dow, Arlington, 
MA 02174-7199. 


NEED CREDIT? We'll give you a $1,000 
credit card regardless of credit history, 
bankruptcy or credit problems! 98% guar- 
anteed acceptance. No bank deposit re- 
quired. No credit check. Free details. 
304-176-5671 Ext. FC215. 


LOW Interest Visa Card. Application. 
SSW, Box 20286, Bowling Green, КҮ 42102. 


TO 750 MAGAZINES, 128 FIELDS, 


DIRECTORY $10.00, MAT ENTERPRISES, 
909 WEST CONNELL, STILLWATER, 
OK 74075. (405) 624-1146. 


HOME BREWING 


BEERMAKERS! FREE comprehensive 
Catalog/Newsletter. William's Box 2195- 
P9, San Leandro, CA 94577. 


WINEMAKING 


WINEMAKERS - BEERMAKERS - Free 
Illustrated Catalog - Fast Service - Large 
Selection - Visa/Mastercard - (816) 254- 
0242 - KRAUS, Box 7850-N, Independence, 
Missouri 64053. 


WINEMAKER—BEERMAKER: Free Il- 
lustrated catalog of supplies, Semplex, PO. 
11476H, Minneapolis MN 55411. 


WINEMAKERS-Beermakers Free Cata- 
log, Low Prices, Free Recipes. Cellar-S, Box 
33525, Seattle, WA 98139. 


SPECIAL SERVICES 


INFORMATION On Anything. Ferguson 
Research Specialists. 60-15 Woodside Ave Ave- 
nue, Woodside, NY 11377. 


CONFUSED by funeral costs, intimi- 
dated by mortuaries? Everything needed 
to plan ahead, negotiate expenses ($8.95). 
Memorial Planning, Box 2921, Kalispell, 
MT 59903-2921. 


GOV'T SURPLUS 


NARCOTICS RAID SEIZURES ... 
Autos... Vans....Boats... Airplanes. МіШопа 
urplus Bargains .. many 1% orginal cost! 
“Nationwide Sales Directory’ 
posal, Вох 19107-FQ. Washington, DE 


DRUG RAID SEIZURES! Buy dirt cheap. 
Cars, houses, oats, computers, furniture. 
Free Details: Surplus: Box 4309-YG, West 
Covina: CA SITS. 


GOVERNMENT SURPLUS FROM $1 
Uncle Sam has 1 billion $$ in surplus goods 
to sell or give away. Purchase directly from 

t thru US. mail. Boats, cars, planes, 
I nates outdoor supsties etc Pec Dor. 
er's Guide call 1-800-333-4100 ext. S-38. 


MAKE $9,000 EVERY TRANSAC- 
now 1 BUY-SELL DRUG SEIZURES. 

CAR, BOATS, HOUSES, JEWELRY. For 
Repo. lists send $5.00. Box 8582-17, Ft. Lau- 
derdale, FL 33310. Moneyback Guarantee! 


DIRECT from The BAHAMAS Fashion- 
able Conch Shell Pendant 19.95 + 1.75 
Shipping. Dept. 3, Box N-4126, Nassau, 

Bahamas. 


BOOKS & MAGAZINES 


BOOKS. Learn HOW to do al 
most anything! FREE catalog. Саг, 908 
Ma allé Blvd. North ‘Tonawanda, NY 


OLD Popular Science Magazines - 35 
years Worth! 1982-1967 Call Bud. 1-509- 
448-8591. 


Learn HOW to do 
ing! Catalog $3.00. Cardif-P, 908 
Niagara Pal Falisi Blvd. North ‘Tonawanda, NY 


ALASKAN ADVENTURERS reveal their 
true-life stories. New, 220p illustrated book 
E UE €: Mountains and Rainbows, 
Oshtemo, MI 49077. 


MAKE your oredit cards work for you. 
For document send $5.00 US. to: SG-PUB- 
LISHING, 6319 Antoine-Manseau, St. Hu- 
bert, Quebec, J3Y 927, Canada. 


The number we're talking 
about is your cholesterol num- 
ber. If it's high, you may be at 


risk for a heart attack. 
even knowing it. 

So find out where you 
stand. Because there are ways 
to lower high blood cholesterol 
and reduce your risk. 

Know your number. Have 
your blood choles- Ic 4 
terol level checked. 


'ithout 
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Product Information 


ADVERTISEMENT Шаан аараан 


Booklets, catalogs, and folders listed below provide reliable informa- 
tion, illustrations, and specifications to help you in planning the pur- 
chase of a variety of products or services offered by these dependable 


501 Pleasure Boats Bayliner, the world’s 
largest pleasure-boat builder, offers 34 mod- 
els ranging from 15 to 45 feet in length. Each 
boat is designed to work, built to last, and 
priced to make top quality truly affordable. Free 


502 Radar Detection A Bel-Tronics bro- 
chure explains Ka Band photo radar equip- 
ment. Some of the questions addressed: 15 
photo radar legal? Where is Ka Band photo 
radar being used? Is photo radar the only type 
of equipment that can be used at Ka Band? 
Free 


503 High-Tech Newsletter Join professors, 
engineers, and other professionals with the 
Casiolink, Casio's high-tech newsletter. The lat- 
est developments in electronic products are 
discussed, and useful applications from news- 
letter readers are shared. $2 


504 Telescopes Explore the universe with 
Celestron telescopes. Premium-quality optics 
are available for everyone—from beginners to 
advanced researchers. This 28-page color bro- 
chure has complete specifications. $1 


505 Personal Communication Products Co- 
bra Consumer Electronics Group, a division 
of Dynascan Corp., offers a complete line of 
radar detectors, CB-mobile and base-station 
radios, and accessories—all detailed in a 
33-page full-color catalog. 50e 


506 Summer in Colorado Discover the in- 
credible range of things to see and do in Colo- 
rado. A brochure from the Colorado Tourism 
Board describes the colorful character of the 
state's towns and resorts, culture, cuisine, ho- 
tels, night life, and history. Free 


507 Personal-Computer Tips In its detailed 
color brochure, CompuServ describes how to 
obtain access to America's largest information 
service. Its data banks include an encyclope- 
dia, news wires, and financial information. Free 


ннан ннн 1 IN COUPON AND MAIL TODAY== 


508 Kit Furniture — Craftsman's Corner's 
Classic Oak kits offer roll-top desks, file cabi- 
nets, dining room and bedroom furniture, plus 
oak accessory kits at affordable prices. Lim- 
ited woodworking skills required. $1 


509 HobbyistCatalog Edmund Scientific's 
80-page catalog contains over 1,200 products, 
including telescopes, magnets, weather instru- 
ments, high-tech toys, and ideas for science- 
fair projects. Free 


510 Early American Home Plans Ноте 
Planners’ 112-page book features Salt Boxes, 
Gambrels, Cape Cods, and other New England 
adaptations—all with practical, efficient floor 
plans. Other features include beamed ceilings, 
gathering rooms, country patterns, and formal/ 
informal living patterns. $3.95 


511 Pool Cleaning The Vac Man Automatic 
Pool Cleaner from Kreepy Krauly USA is spe- 
cifically designed for flat-bottom above-ground 
pools. The product brochure compares clean- 
ers’ advantages. Free 


512 Wood Finishing This revised edition 
of Minwax's 30-page guide offers time-saving 
tips and easy how-to instructions. Learn how 
to beautify and protect new wood and restore 
older wood to its original beauty. Free 


513 Concrete Cleaner А brochure from 
Sakrete Concrete Products features Fade, а ге- 
markable concrete cleaner that dissolves un- 
sightly grease and oil stains. Fade penetrates 
the concrete surface for deep cleaning. You 
simply scrub away the stains then rinse to im- 
prove the appearance of your concrete. 50¢ 


514 Woodworking Catalog Тһе new 84- 
page catalog from Shopsmith is filled with a 
complete line of woodshop items for layout, 
sawing, and finishing. The catalog also con- 
tains a complete educational section and a 
listing of store locations nationwide. Free 


E POPULAR SCIENCE P.O. Вох 5131, Pittsfield, Mass. 01203-5131 


Note: Popian Science Massachusetts address is for Product Information only. 


Please send the items checked below. 1 am enclosing $1 handling charge (any 
number of items per coupon) plus amount required for priced items. Orders will not 
be processed unless accompanied by the $1 handling fee. Do not send cash. 


515 Compasses Рог over half a century, 
Silva compasses have shown hikers, adventur- 
ers, and explorers how to get where they're 
going and back. A full-color booklet explains 
the Silva System of direction-finding, so sim- 
ple even a child can learn the skills. Free 


516 Solariums The full-color 12-page 
“Sweets Brochure" from Sunshine Rooms de- 
tails its three distinct solarium designs and 
introduces the Woodborough Edition. Techni- 
cal data for architects’ and builders’ use are 
also included. $2 


517 Outboards Suzuki's two color catalogs 
with specifications chart describe its 1988 
outboards—from a two-horsepower model to 
a 200-hp V6—with True Oil Injection and 
Power Trim standard on many models. The 
Suzuki 150 Super Six has hood louvers for 
high performance. Free 


518 Move Like A Pro U-Haul International 
offers a pocket-size brochure entitled "Select 
A Hitch Guide," designed to make towing eas- 
ier. The guide charts hitch types, hitch classes, 
trailers, and tow vehicles. It will help you se- 
lect the appropriate hitch and class, depend- 
ing upon your vehicle and what you plan to 
tow with it. Free 


519 Wood Finishing Тһе color guide from 
United Gilsonite Labs offers tips on wood 
finishing, refinishing, and special stain effects. 
The guide provides how-to information for all 
phases of the wood-finishing process—from 
removing old paint to choosing and applying 
new stains and protective finishes. Free 


520 Gas Savers U.S. Auto-Tech's catalog 
features innovative products designed to save 
gas, increase engine and car life, and main- 
tain high-performance motoring. Featured are 
the famous Slick 50 and Bardahl products. 
Free 


POPULAR SCIENCE MAY 1989 


1 AM ENCLOSING 


O 501 02505 50е 0509 0513 50е 0517 $—______or priced items 
0502 11506 11510$3.95 0514 0518 100 

01503 $2 [1507 051 01515 0519 ВРЕ над 

11504 $1 (1508 $1 0512 0516 $2 0 520 $ TOTAL REMITTANCE 
Name (please print) 

Address City & State Zip 


E Please send check or money order made out to POPULAR SCIENCE. 
E Мо stamps or foreign currency. Allow approximately six weeks’ delivery. 
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THIS COUPON EXPIRES JULY 31, 1989 
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companies. The convenient order form will save you time and post- 
age. Orders will not be processed unless accompanied by the $1 
handling fee. For your safety, please do not send cash. 


Quality is Job1. 
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Profile in quality #8: 
Control. 


At Ford, Mercury and Lincoln every car and 

truck we build is designed to put the driver 

in control. It's called human engineering— 

the interaction of man and machine. From the 

feel of the road, to the feel of the wheel, to 

the touch of a button, its objective is to 

provide the driver with comfort, confidence 

7 and ease of operation. When quality is job 1— 
you don't do it any other way. 


Ford, Mercury, Lincoln, Ford Trucks. 
Our goal is to build the highest quality cars 


and trucks in the world. 


Buckle up—together we can save lives. 


Marlboro 
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16 mg "tar; 1.0 mg Nicotine av. per cigarette, FTC Report Feb.'85 


GB SURGEON GENERAL'S WARNING: Quitting Smoking 
a“ / Now Greatly Reduces Serious Risks to Your Health. 


